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SECTION    SIXTH. 

Concerning  the  Metals. 

Article  L 

Of  the  General  and  Comparative  Properties  ofth^ 
Metals,  and  their  ClaJJiJication. 

Section  I. 
Their  Importance  and  Hijiory. 

1.  In  the  fecond  feftion  of  this  work  we  con- 
fidered  the  metals  only  as  appertaining  to  the 
clafs  of  combuftible  bodies;  and  the  general 
properties  which  I  have  defcribed,  were  relative 
merely  to  their  comparifon  with  the  fmall  num- 
ber of  fubftances  I  had  before  treated.  In  the 
prefent  feftion  my  objeft  will  be  of  much  greater 
extent;  namely,  to  defcribe  at  length  thefe 
brilliant  bodies  fo  ufeful  in  fociety;  which  fo 
Vol!  V.  B  highly 


2        GENERAL    PROPERTIES    OF    METALS. 

highly  influence  public  and  individual  prof- 
perity,  not  only  by  their  real  properties,  but  by 
the  ideal  value  attached  to  them  by  men ;  which 
have  on  the  one  hand  rendered  fuch  eminent 
ferVices  to  humanity,  and  on  the  other  pro* 
duced  fo  many  evils ;  which  at  the  fame  time 
mark  the  induftry  of  nations,  and  add  to  the 
improvement  of  human  reafon,  while  they  fo 
often  become  the  inftruments,  and  almoft  the 
caufe,  of  the  depravatioa,  the  mifery,  and  all 
the  evils  which  afllift  mankind.  There  are  no 
produdions  of  nature  which  excite  a  higher 
degree  of  intcreft  in  their  ftudy,  or  which  have 
given  rife  to  fa  many  difqoverics :  there  are 
not,  confequently,  any  fubftances  which  de- 
ferve  to  be  treated  more  at  length,  or  with 
greater  care. 

2.  The  multiplied  ufes  to  which  the  metals 
are  applicable,  do  not  conftitute  the  only  rea- 
fon why  thefe  bodies  thould  be  defcribed  with 
much  accuracy,  and  ftudied  with  the  greateft 
precifion.  The  vaft  influence  which  they  have 
had  on  the  progrefs  of  chemiftry,  the  difcoveries 
which  relate  to  them,  particularly  in  modem 
times,  and  the  perfection  which  they  have  add- 
ed to  human  reafon,  render  them  of  the  moft 
impreffive  confequence  to,thofe  who  cultivate 
natural  philofophy.  On  the  properties  of  thefe 
bodies  depend  the  mariners'  compafs,  the  arts 
of  printing,  of  navigation  and  aftronomy,  and 
ev^y  other fcience  which  aj-emoft  truly  honour* 
able  to  the  genius  of  man»  Thierei%  in  truth,  no 

art 
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art  which  can  be  carried  on  without  the  metals. 
They  are  the  firft  movers  and  primary  inflruinents 
of  almoft  every  workfliop.  There  is  {carcely  a 
fingle  circumftance  of  life  in  which  we  do  not 
derive  continual  fervices,  or  in  which  we  arc 
not  fubjefted  to  dangers  from  their  energy.  The 
metals  are  friends  which  ferve  us,  and  which 
it  is  defirable  we  ihould  always  have  near  us; 
cr  they  are  enemies  preffed  into  our  epiploy, 
which  it  is  confequently  of  importance  that  we 
fhould  know  how  to  fubdue,  and  fomctimes  to 
coerce.  The  fcience  of  medicine,  which  in  all 
the  regions  of  nature  has  fought  for  defence 
againft  the  evils  which  affli6i  humanity,  and 
from  which  it  would  be  perhaps  dangerous  to 
obliterate  the  illufions  of  hope  with  which  it 
fuirounds  the  bed  of  ficknefs,  even  when  to 
cure  is  beyond  its  power;  this  fcience  has  dif- 
covered  in  metallic  fubftances  a  number  of  re- 
medies which  can  never  be  confidered  with  in- 
difference, ,  and  of  which  the  moft  fublime 
chemiftry  is  often  called  upon,  either  to  deter- 
mine the  nature,  to  dired  the  adivity,  or  .to 
regulate  the  power  according  to  the  wilh  of  the 
enlightened  phyfician.    ' 

3.  Though  the  accidental  efFed  of  certain 
natural  events,  or  fpontaneous  fires,  may  have 
l^t  firft  exhibited  the  metals  to  the  abfervation 
o£  man,  it;is  eafy  to  conceive  that  rapid  pro^ 
grefs  muft'have-beeuL  anade  in  the  treatment  of 
thelie  fubftances.'  In  tl>e  early  infancy  of  che- 
miftry admjJEftcQtitenvpQrary  in  this  point  of  view 
.  ^  B  2  with 
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with  the  lirft  ages  of  civilization;  when  we 
direft  our  attention  to  the  heroic,  fabulous,  and 
nioft  early  ages ;  in  thefe  times  we  find  that 
fmiths  and  founders  were  aftively  employed. 
The  plough-Uiare  dates  as  early  in  point  of  time 
as  the  coarfe  cafts  of  the  gods  in  metal.  But 
notwithftanding  this  high  antiquity  of  the  me^ 
tallic  arts,  ui  which  the.  hiftorians  of  chemical 
fcience  have  been  defirous  of  fixing  its  ori- 
gin, the  ancients  were  in  truth  poffefied  of  but 
a  fmall  portion  of  real  knowledge  refpefting 
the  properties  of  metals. 

Iron,  copper,  gold,  and  filver,  have  mani- 
fefriy  been  the  firft  known  and  employed.  Tin 
and  lead  muft  have  folloM'^ed  fpeedily  after- 
wards, if  they  were  not  difcovered,  even  at 
the  fame  time  or  before.  The  art  of  fmelt- 
ing,  ofcafting,  of  forging,  and  even  of  alloy- 
ing them,  muft  foon  have  fucceeded  ;  but  the 
true  chemical  properties  were  long  concealed  in 
the  bofom  of  nature,  and  difcoveries  of  this 
kind  were  undoubtedly  made  with  extreme 
flownefs.  The  Greeks  and  the  Romans  were 
acquainted  with  only  feven  metals.  It  appears 
that  fome  of  thofe  \\4iich  were  fince  called  femi- 
metals  were  known  to  them  only  under  pecu- 
liar names,  and  with  notions  foreign  to  that  of 
their  proper  metallic  nature.  This  is  fo  much 
the  more  natural,  as  the  property  of  dudility, 
which  is  the  moft  ufeful  to  men^  and  of  which 
they  avail  themfelves  the  moft  early,  miift  al- 
ways have  conne6te4  itfelf  with  tbem  as  |^a?tof 
3  the 
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the  notion  of  a  metal.  Even  at  prefcnt,  not- 
witliftanding  the  vaft  mafs  of  information  dif- 
eovered  refpecling  fuch  metallic  bodies  as  arc 
not  duftile,  and  the  numerous  ufes  to  which 
mod  of  them  are  appropriated,  the  greatcft  part 
ef  men  do  not  even  now  ccnfider  any  fubftances 
as  metals  but  thofe  which  are  capable  of  being 
forged,  flattened,  drawn  out,  kc. 

4.  The  follies  and  imaginary  hopes  of  the  al- 
chemifts  and  adepts,  a  difeafe  of  the  human 
mind  which  it  is  fo  difficult  to  extirpate  in  the 
fociai  Hate,  and  of  whi^h  fome  veftiges  ftill 
remain,  though  happily  fcattered,  and  little 
likely  to  propagate  thcmfelves,  have  neverthe- 
lefs  proved  the  fource  from  which  all  our  che- 
mical knowledge  of  the  metals  originated.  The 
inddPatigable  patience  of  thefemen;  thenum- 
berlefs  experiments  they  made;  the  admirable 
law  which  they  impofed  on  themfelves  to  de- 
fcribe  with  the  greateft  care  thcfe  experiments 
which  did  not  afford  their  chemical  refult,  at 
the  fame  time  that  they  carefully  concealed 
thofe  which  they  affirmed  to  have  fucceeded, 
have  gradually  raifed  that  edifice  which  Science 
began  to  pofTefs  from  the  middle  of  the  feven- 
teenth  centurj^  and  which  has  fpcedily  been 
enlarged  by  the  labours  of  the  chcmills,  whofe 
method,  mtelKgence,  and  reafon,  have  enabled 
theni  to  difpofe  with  art  all  the  lliapelefs  mate- 
rials, amafled  with  fomuch  labour  by  the  induf- 
trious  fearChers  after  the  philofopher'^  ftone, 
tod  the  ^iriverfaj  medicine; 

;0  '         5.  After 


vvl 
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5.  After  the  abfurd  refearches,  though  abound- 
ing with  (ingular  fafts  of  Geber,  Morien,  Ar- 
naud '  de  Villencuve,  Raymond  Lullius,  Ber- 
nard Trevifan,  Agrippa,  Ifaacus.  HoUandus, 
Bazil  Valentine,  Philalethes,  Morhof,  Sendi- 
gove,  D'Efpagnetj  and  fo  many 'other  celebra- 
tated  enthufiafts,  we  behold,  on  the  other  hand, 
Libavius,  Dorneus,  Hahnemam,  Gerhard,  Caf- 
fius,  Wedel,  Orfchall,  and  many  other  men  of 
this  order,  bijfy  themfelves  in  extrading  the 
pearls  from  this  dunghill,  feparating  the  ufeful 
fa6ls  from  the  ridiculous  affertions,  the  valu- 
able experiments  from  the  myftical  operations, 
and  by  thefe  means  making  an  advantageous 
fcle6tion  of  the  art ;  and  though  they  were  not 
intirely  without  credulity,  as  to  the  ^reat  work 
and   the  panacea,  yet' they  reduced  to  order, 

,and  with  a  certain  degree  of  fkill,  arranged  the 
refults  of  the  obfervations  of  the  alchemifts,  fo 
far  as  to  form  the  commencement  of  a  theory 
refpe6ting  the  properties  of  metallic  fubftances. 

6.  Chemical  metallurgy  has  been  more  parti- 
cularly benefited  by  the  works  of  docimacy  and 
metallurgy,  treated  either  as  arts  or  as  a  fcience, 
which  have  been  publiihed  lince  the  middle  of 
the  fixteenth  century  to  the  end  of  the  eigh- 
teenth, and  particularly  by  thofe  which  have 
been  fucceflively  printed  by  J.  Q.  Agricola,.in 
1546,  Lazarus  Ercker,  1574,  Mo<ieftuii  Fachfmls, 
1622,  Alonzo  Barba,  1640,  Aldrovandus,  1648, 
Borrichius,  1674,  Fr.  Henckel,  1725,  Sweden- 
borg,  1734,  Schulutter,   1738,    Cramer  173ft 

Gellert, 


0£K£ftAL    PROPERTIES    OF    M£TALd«        7 

Gelleft,  1765,  Lehman,  I76I,  Wallerius,  1770, 
DelHus,  Gobct,  Jars,  Bergmann,  Dietrich,  Bonii 
Ferber,  and  Pfingften,  in  modern  times.  In  all 
thefe  works  the  treatment  of  ores  and  metals  in 
the  large  or  fmall  way,  in  the  metallurgic,  or 
docimaftic  methods,  has  been  enlightened  by 
the  moft  perfpicuous  theory,  and  defcribed  as  a 
feries  of  chemical  experiments,  and  confequent- 
ly  .^connetSed  with  the  general  progrefs  of  the 
fcience. 

7.  During  the  uninterrupted  advance  of  the 
metallic  arts  for  near  two  hundred  years,  to- 
M^ards  a  fcientific  doftrine,  upon  the  progrefe 
and  adv^ancement  of  which  they  have  had  great 
influence,  another  ftep  of  equal  utility  was  made 
hi  the  preparation,  the  nature,  and  the  adminif- 
tration  of  medicines  compoled  of  the  metals, 
and  the  art  of  making  chemical  experiments, 
the  method  of  comparing  them,  and  the  draw- 
ing general  indu6lions,  or  theoretic  refults. 
While  we  contemplate  the  abfurd  and  vain  pre- 
tentions of  Paracelfus,  Digby,  and  others,  we 
muft  not  overlook  the  ufeful  labours  of  J.  Sil- 
vius,  Leo,  Fachfms,  Val  Cord  us,  Quercetan, 
Mynficht,  Crollius, .  Zwelfer,  Schroder,  Fred* 
and  Gafpi  Hoffman,  Angelus  Sala,  Glauber, 
Charas,  Nicholas  Lemery,  Barchufen,  Juncken, 
Pelletier^  Shaw,  Hermann,,  Wallerius,  Perner, 
Poulletier  de  la  Salle,  Levis,  and  Spielman. 
In  the  numerous  writings  of  thefe  pharmaco- 
logical chemifts,  publilhcd  between  the  years 
1755  and  1775,  we  find  a  methodical  difpofi- 

tion, 
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tion,  learned  difcuffion,  and  neat  defcription  of 
the  chemical  alterations  which  the  metals  are 
capable  of  undergoing  by  all  the  agents  to  which 
they  are  fubjefted,  and  thus  modified,  in  their 
properties  and  nature. 

8.  It  is  in  thefe  valuable  coUedions  of  fa6ls, 
of  experiments  and  of  well-defer i bed  pheno- 
mena, that  the  fyftematical  chemical  writers 
who  are  obliged  "to  embrace  the  whole  of  the 
mutual  re-a6lions  of  all  the  bodies  in  nature, 
upon  each  other,  have  found  the  elements  of 
accurate  knowledge,  with  which  they  have 
afterwards  enriched  their  works.  Without  the 
laborious  efforts  of  their  predeceffors ;  their 
treatifes,  far  from  being  fo  complete  as  they 
were  capable  of  making  them,  would,  in  all 
their  fe6lions,  have  prefented  immenfe  vacancies 
ill  the  exhibition  gf  metallic  matters,  of  which 
the  properties  conftantly  form  the  greateft,  and 
at  the  fame  time,  the  moft  important  part  of 
their  works. 

9.  To  thefe  multiplied  regifters  of  experiment 
and  refearch  concerning  metallic  fubftances, 
we  muft  alfo  join,  in  order  to  obtain  a  fufticient 
knowledge  of  the  hiftory  of  that  part  of  che- 
miftry  which  concerns  them,  a  knowledge  of 
the  numerous  difcoveries  of  new  metals  made, 
particularly  fmce  the  commencement  of  the 
18th  century.  During  this  period,  difcovery 
was  made  of  arfenic,  cobalt,  nickel,  and  platina 
itfelf,  before  fcarcely  known.  During  the  laft 
twenty  years,  manganefe,  molybdena,  tungften, 
and  recently  uranium,  titanium,  and  chrome, 

have 
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have  been  added.  All  thefe  metals  which  are 
very  brittle,  and  more  or  lefs*  difficult  to  fufe, 
remained  long  concealed  and  unknown  to  man, 
becaufe  duftility  had  been  confidered  as  the  in- 
feparable  charafter  of  metallic  fubftances.  Since 
the  feries  of  thefe  fubftances  has  been  clifcovered, 
which  do  not  poffefs  duftility,  every  fa6l  feems 
to  announce,  that  their  number  may  hereafter 
be  carried  far  beyond  the  prefent  extent  of  our 
knowledge. 

10.  The  courfe  of  fucceffive  difcovery  and 
information  thus  gradually  acquired,  and  which, 
I  have  here  traced  out,  did  not  yet  prefent  any 
certainty  of  doftrine  in  the  midft  of  numerous 
fafts  which  compofed  its  totality.  We  may 
even  add,  that  a  great  number  of  doftrines  pre- 
fented  errors  of  no  fmall  magnitude,  and  that 
moft  of  thefe  fafts  were  inaccurate  fkctches  be- 
fore Lavoifier.  publiflied  his  happy  difcoverics 
refpe6ling  the  calcination  of  metals,  their  folu- 
tion  in  the  acids,  the  decompofition  of  acids, 
and  particularly  that  of  water,  which  many  of 
thefe  bodies  effeft.  All  the  efforts  of  Bergmann 
to  determine  the  proportion  of  an  imaginary 
principle  admitted  fmce  the  commencement  of 
the  century,  in  metals,  were  little  more  than  a 
confirmation  of  an  ancient  error;  lending  to 
that  error,  a  faftitious  fupport,  until  Lavoifier, 
overthrowing  by  his  ingenious  experiments  this 
falfe  hypothefis,  created  and  caufed  to  arife  out 
of  his  new  refults  refpefting  the  nature  of  air, 
water,   aud  the  acids,  a  dodrine,    which  dif- 

pelled 
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pelled  all   the  flifficultie*  fo   abundant  in   the 
hiflory  of  the  inetab^  showed  the  caufe  of  theif 
fo  frequent  augmentatioit  of  weight,  their  re^ 
dufilion,  their  Iblution^  and  at  length  prefented 
thein  to  chemiftj^  as  Indetjompofable  pallive  in- 
firunieot8,  indcftruftible  with  regard  to  theif 
intimate  compofition,    finiply   changing   their 
form  in  all  the  alterations  to  which  they  are 
fubje^ed  J  and  a^ingj  as  the  means  of  decom- 
pofitioii  on  a  number  of  compound  bodies,  the 
liature  of  which  they  are  adapted  to  fhow.  iSince 
this  remarkable  cpoelui,  which  muft  ^be  conli- 
dered  as  of  importance  to  the  progrefs  of  the 
human  mind,,  the  fcience  has  advanced  with  a 
rapid  courfe  in  the  knowledge  of  the  metals, 
and  the  detetmi nation  of  the  pl^enomena  they 
produce;  difcoveries  have  fuddenly  followed; 
every  thing  which  was  obfcure,  has  become  en- 
lightened ;  and  "this  admirable  department  of 
chemiftry,  enriched  with  a  number  of  new  fadls, 
has,  at  the , fame  time,  enlightened  the  work- 
fiiops  of  affays  and  metajlurgy,  together  ^^ith 
mineralogy,  and  all  the  arts  which  employ  the 
metals. 


Section  II. 

On    the    Number   and    Claffiji cation    of  the 

Metals. 

1 1.  WHEN  no  other  bodies  were  confidered 

as  metals  but  thofe  which  poflefe  duftility,  and 

4  when 
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when  their  number  was  confined  to  fix  or  fcven, 
it  was  not  neceflary  to  ,feek  after  many  proper- 
ties, nor  to  eitablifh   any  method  for  dillin- 
guilhing  and  afcertaiuing  each  of  thefe  bodies. 
The   notion  of  forming  a  elaililication,   muft 
havefcarcely  occupied  the  attention  of  chemilts, 
12.  At  the  period  when   the  exiftence  of  a 
number  of  brittle  metalHc  mattci^s  was  afcer* 
tained,  and  it  was  admitted,  that  all  their  pro- 
perties approach  thofe  of  the   duftile  metals, 
thefe  began  to   be  diftinguiilied  by  the  terms, 
femi-metals,  as  if  diiftility  were  the  moft  eUln- 
tial  charafter  of  thefe  bodies  in  nature,  as  it  is 
in  the  ufes   of  ait,     Man,  therefore,  referring 
every  thing  to  himfelf,  and  his  events,  gave  to 
thefe  beings  a  determinate  rank  and  place  from 
their  utility  to  himfelC    Another  idea,  lefs  rea- 
fonable,   no  doubt,  tended  to  confirm  this  ex* 
preffion  of  the  femi-metals.      The.  alchemills 
imagined  that  all  the  metals  were  only  eftbrts 
of  nature  towards  the  produftion  of  gold,  con- 
fidered  as  the  moft  -perfefit  of  metals,  and  that, 
by  a  fubterraneous  operation  of  nature,  inimi- 
table by  art,  they  were  capable  of  arriving  at 
aftateof  maturityand  perfection  fo  as  to  be- 
come gold ;  and  that  all  the  metals  were  only 
f  cceflive  ftates  from  a  lefs  to  a  greater  degree 
of  perfe6lion,  unto  tlie  laft  ftate,  namely,  auri- 
fication.     Now,  as  ductility  is  one  of  the  moft 
prominent  characters  of  gold,  and  the  metals 
properly  fo  called,  approach  more  or  lefs  to  it 
hy  this  chara)5ier ;  ^  thofe  metals  Miiich  did  pj:)t 

poiTefs 


14  CLASSIFICATION    OF    METALS. 

applied   to  them.     This  clafs  contains  eight 
fpecies^  namely,  7 

^     Titanium, 

Uranium, 

Cobalty     "  - 

Nickel, 

iManganeie, 

Bifnuith, 

Antimony. 

Tellurium, 
It  may  be  remarked,  that  of  all  the  five  claflci 
thiis  is  the  moft  numerous. 
•  18.  To  tlie  third  claf»  appertains  metals  limply 
dkidable  like  thofe  of  the  feeoud  clafs,  but  which 
differ  from  it  by  a  commencement  of  du6tility. 
Two  metals  only  cOmpofc  this  third  divifion, 
indrcury  and  zinc.'  The  firft  congealed  at  a 
temp^ature  of  32  degrees  below  0,  of  the  ther-* 
momrter. of  ^Reaumur,  may  be  flattened  by  per- 
cuiTion.  It  is  the  leaft  numerous  in  fpecies  of 
the  five  clafies.'  The  metals  of  thefe  three  firft 
claflcs  were  formerly  called  femi-metals. 

13.  In  the  fourth  clafs,  I  place  the  very  duc- 
tile metals  differing  in  this  refpe6l  from  thofe  of 
the  preceding  clafles,  which  were  only  flightly, 
t  it  eafily  oxidable,  and  diftinguilhed  by  that 
charaftcr  from  the  following  clafs.  In, this  clafs 
ar  J  four  metallic  fabftances, 

Tin, 

Lead, 

Iron, 

Copper, 

Thefe 
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Thefe  four  metals  formerly  conipofe4  the 
feries  of  imperfedt  metals. 

SO,  Laftly,  the  fifth  clafs  comprehends  the 
very  du&ile  metaU  fo  difficulty  oxidable  or  al« 
terable,  that  a  few  years  ago,  they  were  delig* 
nated  by  the  expreffion  of  perfect  metals,  as  ad* 
mittiiig  the  moft  perfec-t  ailemblage  of  all  the 
metallic  properties.  The  three  fpecies  whiclj 
formed  this  clafs  are,  \ 

Silver, 

Gold,    . 

Platjna, 
S  L  From  this  divifi<m  anil  arrangement  of  the 
twenty-one  known  metals,  there  already  refultti 
a  notioa  of  coniiderable  accuracy  refpcdting  cer- 
tain properties,  and  particularly  thofe  by  which 
thefe  bodies  are  renclered  moft  ufeful  to  Ibciety; 
According  to  this  metliod  we  might  purfue  the 
various  comparifons  to  be  pointed  out  in  the 
following  paragraphs  relative  to  the  generic 
properties  of  metals,  before  w^  paC$  to  the  imU» 
vklual  hi ik>ry  of  e?M:h, 


SflCTIOK   til. 
On  th^  Phyfical  proper tUs  of  the  M^tah. 

SS.  IN  order  to  underftaud  the  charaftcrs 
and  phenomena  prefentcd  by  the  uietala^  it  U 
necetfary  in  the  firlt  place  to  form  a  proper  no- 
tion of  their  phylical  properties^  without,  how* 

however, 
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ever,  entering  into  an  extenfive  detail  which 
belongs  to  other  branches  of  human  knowledge. 
Among  a  number  of  properties  perceptible  ,to 
our  fetifes  which  may  be  meafured  and  eftt- 
mated,  and  do  not  change  the  nature  of  the 
metals^  I  reckon,  1 .  Their  brilliancy,  2.  Colour, 
3.  Denfity  or  Aveight,  4.  Hardnefs,  5.  Elafti- 
city,  6.  Duftility,  7.  Tenacity,  8.  Condudi- 
bihty  of  caloric,  Q.  Dilatability,  10.  FufibiKty, 
II.  Volatility,  12.  Cryftallizability,  13.  Elec- 
tricity, 14.  Odour.  We  muil.refume  each  of 
thefe  properties  with  fome  .developements. 

23.  Brilliancy,  is  a  charafter  fo  evident  in 
metals,  that  it  has  been  denominated  the  me- 
tallic brilliancy.  It  arifes  from  a  complete 
reflexion  of  the  luminous  rays  by  metallic 
furfaces.  They  form  mirrors  which  refledl  the 
perfed  images  of  objects.  If  any  other  minerals 
or  foffil  fubftance'fometimes  prefent  an  ap- 
pearance of  brilliancy,  as  we  fee  in  mica,  of 
which  the  firfl:  avaricious  conqueror  of  Peru 
wa»  the  dupe,  when  he  took  them  for  filver 
and  gold,  this  illufion  is  deftroyed,  when  the 
falfe  brilliant  is  fcratched  with  a  point,  where- 
as the  metal  by  the  fame  treatment  is  no  lefs 
brilliant  in  the  excavated  line,  than  on  the 
furface.  With  regard  to  the  gradation  of  this 
property,  the  metals  may  be  placed  in  the  foU 
lowing  order, 

Platina, 

Iron  and  fteel, 

Silver, 

Mercury, 
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Mercury, 
Gold, . 

Copper,        ^  , 

Tin, 

Zinc, 

Antimony, 

Bifmuth,  i 

Lead, 

Arfenic, 

Cobalt,  and  the  other  brittle  metals. 

24.  Colour,  is  a  conftant  property  inherent 
to  the  intimate  nature  of  metals,  whereas  it  is 
accidental,  and  not  ever  fpecific  in  other 
foffils,  and  as  the  metals  are  the  moft  opaque, 
and  the  moft  denfe  bodies  in  nature,  their  co- 
lour is  very  intenfe,  or  rather  confounded  with 
the  brilliancy  which  depids  it  ftrongly  in  our 
eyes ;  it  may  therefore  be  confidered  as  a  fpe- 
cific charafter.  White  is  the  moft  con^mon 
colour  of  the  metals,  but  there  are  alfo  yel* 
low  and  red.  The  former  were  diftinguifhed 
by  the  name  of  the  lunar  metals,  becaufe  filver, 
or  luna,  which  was  placed  at  thehead  of  thefe 
metals  is  a  white  colour ;  and  the  fecond  were 
denominated  folar  metals,  becaufe  of  the  yel- 
low colour  of  gold,  which  bore  the  fignature 
of  the  full.  By  a  more  accurate  examination 
of  the  metals  as  to  their  colour,  we  find  them 
grey,  as  in  iron,  molybdena,  tungften,  ura- 
nium, manganefe ;  blueifh  as  lead  and  zinc ; 
yellowifli  as  bifmuth;  reddifti-grey,  cobalt; 
reddifli-white,  nickel.     Though  the  colour  be 

Vol.  V,  C  ^  permanent 
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permanent  in  the  metals,  while  they  th^mfelves 
are  fuppofed  to  be  in  a  permanent  ftate,  it 
neverthelefs  is  very  eafily  changed  in  thofe 
bodies  by  the  flighteft  combination. 

25.   Denfity  of  mafs,  or  quantity  of  matter 
contained  under  a  given  volume  ;  whence  the 
fpecific  gravity  that  refults  is  greater   in  the 
metals,  than  in  any  other  natural  bodies.     It  is 
concluded,    that  their  particles  are  nearer  to 
each  other,    and  that   their  pores  are  fmaller 
than  can  be   imagined  in   any   other  bodies. 
•  This  denfity  is  the  caufe  of  their  brilliancy. 
The  metals  when  compared  by  this  property, 
ftand  with  regard  to  each  other  in  the  follow- 
ing order,  fuppofing  pure  water,  to  which  they 
are  all  compared  to  have  the 
Specific  gravity,      .1,00 


Platina 

20,85 

Gold 

19,258 

Tungften, 

17,6 

Mercury, 

13,568 

Lead, 

11,S52 

Silver, 

10,474 

Bifiuuth, 

9,822 

Nickel, 

7,807 

Cobalt, 

7,811 

Copper, 

7,788 

Iron, 

7,6 

Tin, 

7,291 

Zinc, 

7,19 

Manganefe, 

6,85 

Antimony, 

6,702 

Uranium^ 
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tlranium,  6,44 

Arfenic,  5,763 

The  fpecific  gravity  of  molybdena,  titanium, 
chrome  and  tellurium  are  not  known. 

26,    The  hardnefs  of  the  metals  varies  fre- 
quently in  thofe  which    are  duftile,    becaufe 
their  parts  may  be  brought  nearer  together  by 
different  degrees  of  preffure.     It  does  not  vary 
in  thofe   which  are   brittle.       It  is  often  lefs 
than  that  of  the  ftouy  foflils,  fmce  thefe  re- 
duced to  a  powder  grind  their  furfaces,  and 
ferve  to    pohfh    the    metals.   "  It  is   therefore 
evident  that   this    property   does    not  follow 
denfity,  and  that  it  depends  on  the  integrant 
particles,  and   not  on  their  vicinity  to  each 
other.     This  property  is  eftimated  or  determin- 
ed by  the  manner  and  the  difficulty  of  polifli- 
ing  the  duftile  metals,  as  well  as  by  the  effeft 
of  a   blow  on   the   brittle  metals.     By  com- 
paring them  it  is  found  that   eight  degrees  of 
hardnefs  may  be  exhibited  by  an  arrangement 
of  the  metals,  and  that  beginning  with  thofe 
which  poffefs  the  property  in  the  higheft  de- 
gree we  fhall  place, 
In  the  firft  rank,  iron  and  manganefe, 
In  the  fecond,  platina  and  nickel. 
In  the  third,  copper  and  bifmuth. 
In  the  fourth,  filver. 
In  the  fifth,  gold,  zinc,   and  tungften, 
In  the  fixth,  tin  and  cobalt, 
In  the  feventb,  lead  and  antimony, 

.         C  2  In 
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In  the  eighth,  arfenic,  the  moft  brittle,  in  fa6l 
of  the  brittle  metals. 

Mercury  being  cbnftantly  fufed,  cannot  be 
compared  with  refpeft  to  this  property.  The 
comparative  hardnefs  of  titanium,  uranium, 
molybdena  and  chrome  is  unknown. 

27.  The  elafticity  in  metals  appears  to  fol* 
low  the  lame  order  as  the  hardnefs. 

28.  Duftility,  is  one  of  the  moft  important, 
and  moft  ufeful  phyfical  properties  of  the  me- 
tals, and  belongs  exclufively  to  thefe  bodies. 
Its  name  is  derived  from  the  habitude  of  thefe 
bodies,  to  fufter  themfelves  to  be  led  or  drawn 
beneath  the  hammer,  the  preffing-cylinder,  or 
through  the  Avire-plate.  It  is  caufed  by  the 
metallic  particles,  Aiding  over  each  other  with- 
out diminution  of  their  adhefion,  when  this 
effed;  is  produced  by  preffure.  A  kind  of 
variety  is  remarkable  in  the  dudility  of  metals. 
Some  in  faft,  are  much  more  capable  of  being 
flattened  than  drawn  out,  as  lead  and  tin,  and 
others  in  the  contrary  ftate  as  iron.  It  is 
tjiought,  that  this  depends  on  the  form  of  the 
particles,  and  the  nature  of  their  aggregation. 
The  malleable,  and  laminahle  metals  feem  to 
be  compofed  of  fmall  plates,  and  the  malleable 
metals  of  fibres  placed  orTe  befide  the  other. 
The  one  Aide  by  their  flat  furfaces,  the  other 
lengthen,  and  adhere  end  to  end.  When  the 
metals  are  comprefled,  caloric  is  expreffed  or 
driven  out  from  between  their  particles,  and 

they 
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they  become  hot.  Tlie  more  thefe  are  con- 
denfed,  the  more  hard  and  elaitic  they  become, 
with  an  increafe  of  fpecific  gravity,  at  the 
fame  time  that  they  become  more  ftiff  and 
brittle  To  that  they  crack,  and  are  broken 
afunder.  This  laft  property  is  denominated 
hammer-bardening,  Duftility  and  foftnefs  is 
reftored  to  metals  by  heating  them,  and  this 
operation  when  applied  for  the  fpecific  purpofe 
here  mentioned  is  called  annealing.  Though 
we  cannot  really  compare  the  ductility  of  me- 
tals excepting  in  thofe  which  are  not  brittle, 
it  will  not  be  impertinent  to  affign  refpedivc 
rank  to  them  in  the  order  of  this  property,  to 
determine  the  degrees  of  brittlenefs.  Beginning 
by  thofe  Avhich  are  moft  dudtile,  and  defcend- 
ing  to  the  metals,  which  are  thq  moft  brittle, 
the  tbllowiDg  arrangement  muft  be  admitted : 
Gold, 

Platina, 

Silver, 

Iron, 

Tin, 

Copper,  ,.     .   , 

Lead, 
Zinc, 

Mercury, 

Nickel, 

Tungften, 

Bifmuth, 

Cobalt, 

Antimony, 

Manganefe, 


82  CLASSIFICATION    Of    METALS 

Manp^anefe, 

Uranium, 

Molybdena, 

Titanium, 

Chrome, 

Arfeuic. 
It  muft  be  remarked,  that  the  arrangement 
of  the  eleven  laft  metals,  all  of  which  are 
brittle,  is  not  as  well  determined,  as  that  of 
the  real  du6lility  of  the  nine  preceding ;  that 
nickel  feems  to  approach  fomewhat  near .  to 
the  fame  duftility  of  zinc ;  that  fome  authors 
(Bven  place  it  before  this  laft  with  regard  to 
that  property,  though  I  do  not  think  thent 
well  founded  in  that  affertion,  and  that 
the  metals  moft  recently  known,  molybdena, 
titanium,  uranium  and  chrome,  have  not  yet 
been  fufficiently  examined,  nor  perhaps  fuffici^ 
ently  purified  to  admit  of  the  order  1  have 
afligned  to  them,  being  confidered  as  defiijitive, 
29.  The  word  denfity,  exprelTes  the  cohe- 
fion  of  the  metallic  particles  with  each  other. 
As  this  property  is  of  great  importance  in  the 
arts,  it  has  long  been  meafured  by  means  of  me^ 
tallic- wires  of  the  fame  diameter,  at  the  ex- 
tremity of  which,  weights  are  fufpended  un-^ 
till  the  wires  break.  The  wire  is  fixed  by  its 
fuperior  extremity,  and  drawn  by  the  inferior 
^o  which  the  weights  are  attached. 

We  cannot   eftimate  this  force,    but  upon 
the  feven  metallic  fubftances,  which  are  capa- 
ble 
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ble  of  being  drawn  into  wire.     They  muft  be 
arranged  in  the  following  order : 

Iron, 

Copper, 

Platina, 

Silver, 

Gold, 

Tin, 

Lead. 
80.  I  give  the  appellation  of  conduftibility 
to  that  property  which  pietals  poffefs,  of  fuf- 
fering  caloric  to  pafs  rapidly  between  their 
particles,  and  confequently  to  deprive  other 
bodies  fpeedily  of  their  heat,  and  to  communi- 
cate it  equally  to  thofe  which  touch  them 
when  they  themfelves  are  heated.  Experi- 
ments of  fufficient  accuracy  have  not  been  yet 
made  refpefting  this  property,  to  enable  jne 
to  offer  in  this  place,  the  relation  which  would 
prefent  itfelf  between  the  different  metallic 
fubftances.  It  appears  to  follow  a  particular 
law  in  the  metals,  and  is  frequently  in  a  pro- 
portion, if  not  oppofite,  at  leaft  very  different 
from  that  of  the  fufibility. 

31.  The  diUatability  by  caloric,  ought  to  be 
ranked  among  the  phyfical  properties.  It  con- 
lifts  only  in  the  fimple  feparation  of  the  par- 
ticles of  jnetal  by  thofe  pf  caloric  which  in- 
terpofe,  a,n.d  accumulate  themfelves  between 
thefe  particles,  and  at  the  fame  time  diminifh 
their  adherence,  apd  their  attraftion.  As  it 
does  not  alter  the  chemical  properties  of  thefe 
bodies,  and  is  in  truth,  ojily  a  phyfical  aftion, 

con* 
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confifting  only  in  a  commencement  of  change 
of  ftate  with  regard  to  metallic  fubftances ;  as 
this  property  poiTeffcs  many.ufeful  relations  to 
the  arts  in  which  metals  are  employed,  and  i^ 
of  confequence,  that  it  fhould  be  v^ell  known, 
it  would  be  of  very  elfential  fervice  to  the  in- 
duftry  of  man,  if  it  were  pofitively  deter- 
mined ;  but  this  has  not  yet  been  performed 
with  the  accuracy  that  might  be  wilhed.  We 
know  that  it  is  fenfibly  proportional  in  each 
metal  to  the  augmentation  of  caloric  between 
the  limits  of  the  graduation  of  our  thermome- 
ters ;  but  at  the  approach  of  ignition  the  di- 
latation follows  a  law,  much  more  rapid  tliaa 
the  elevation  of  temperature,  becaufe  the  ex- 
panfive  force  of  caloric  being  then  only  weakly 
balanced  by  the  mutual  attraction  of  the  me- 
tallic particles,  is  alnjoft  totally  employed  in 
feparating  the  particles  from  each  other.  In 
order  t6  eftimate  the  dilatation  of  the  metals, 
the  ratio  of  this  dilatation,  according  to  one 
denomination,  being  given  by  the  experiment 
for  one  degree  of  the  thermometer,  the  frac- 
tion M'^hich  reprefents  this  ratio,  is  multiplied 
by  the  number  of  degrees  to  which  the  tem- 
perature has  been  raifed.  This  produft  muft 
be  fquared,  if  the  dilatatioiv-of  furface  be  re- 
quired, or  cubed,  if  that  of  bulk  be  expefted, 
and  thofe  relative  expanfions  in  a  given  mag- 
nitude of  metal,  may  be  eafily  applied  to  in- 
dividual quantities  in  order  to  obtain  the  ab- 

folute 
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folate  quantity  of  diiatation   in   any  required 
inftance. 

32.  Fufibility,  like  the  laft  mentioned  pro- 
perty is  truly  of  a  phyfical  nature,  fince  it  is 
nothing  more  than  the  effect  of  dilatation,  car- 
ried to  that  degree  in  which  the  expanfive  force 
of  caloric  prevails  over  the  mutual  attraftion 
of  the  metallic  parts,  fo  as  to  admit  them  to 
move  freely   in  every  direftion-  amongft  each  ^ 
other,    and  to  yield  to  the   flighted  preflure. 
We  muft  not  confider  it  as  a  combination  of 
caloric    with    the  metals,    becaufe  the   fufion 
ccafes  when  the  caloric  is  difengaged,  and  be- 
caufe it  is  neceflary,  that  the  fupply  of  caloric, 
fhould  be   continually  kept  up  in  order  that 
fufion  may  take  place.     This  property  varies 
Angularly  in  the  metals,  and  each  of  them  may 
be  heated  to  very  different  degrees  before  they 
flow.     As  the  temperature  to  which  they  rife 
at  the  moment  of  fufion,    cannot  always  be 
meafured  or  indicated  by  thermometers,  it  has 
been  determined   in    the    following  table  by 
Citizen  Guyton,  as  well  according  to  the  gra- 
duation of  Reaumur,  as  the  pyrometric   fcale 
of  Wedgwood.     The  want  of  fufion  in  arfenic, 
which  is  more  volatile  than  fufible,  could  only 
be  eftimated   by  approximation,  and  thofe  of 
molybdena,  tungften,    uranium    titanium,  and 
chrome,   which  are  very  diflScult   to  fufe  ia 
general,  refemble  platina  in  this  refpedl. 


Fufibility 
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Fufibility  deter- 
mined by  the  ( 
thermometer 
of  Reaumur. 


^ 


31 
0 
168 
205 
296 
345 


—    0    Mercury, 
Tellurium, 
+    0    Tin, 

0     Bifmuth, 

0     Zinc, 

0    Antimony. 


r 


Fufibility  deter-  

mined  by  the  (  1 30 
pyrometer  of 
Wedgwodd. 


160     -f 


27  Copper, 

28  Silver, 
32                   Gold, 

Iron,  nickel, 
cobalt, 
-{-  Platina,  man- 
ganeie. 

53.  Volatility  is  the  confequence,  and  a9  it 
were  the  extreme  of  fufibility.  WheB  the  parr 
tides  being  as  far  removed  from  each  other 
by  the  expanfibility  of  caloric  move  fjreely 
«,mongft  each  other,  if  ftill  mor^e  calorie  be 
accumulated  between  them  they  feparate  ij^ore, 
become  fufed  m  that  fubfl;ance,  partake  its  elaf- 
<ic  fluidity,  and  rife  in-  vapours  which  are 
xjondcnfed  in  proportion  as  the  calorie  which 
is  only  interpofed  abandons  the.n:i.  We  might 
iimagine  that  this  property  ifcould  obey  the  fufi- 
bility ;  but  though  it  has  not  yet  been  exa6lly 
eftimjited,  we  muft  not  confider  the  one  pro- 
perty as  regulating  the  other.  It  was  formerly 
aiferted,  to  be  the  charafter  of  the  brittle  nOfC- 
tals  or  femi -metals  to  be  volatile.  We  mjay 
jobferv'-e,  that  arfenic,  which  is  much  more  vo- 
latile than  fufible,  occupies  the  fecond  raok 
in  this  refpeft  after  mercury;  that  bifmuth 
and   antimony  immediately  follow;    that  tin 

and 
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and  lead  fo  much  more  fufible  than  the  latter 
are  yet  volatile  only  Avith  extreme  difficulty, 
and  that  a  ftrong  fire  is  required  to  volatilize 
copper,  filver  and  gold,  metals  of  a  middle 
fufibility  as  was  formerly  obferved.  An  ex- 
treme  heat  is  required  to  reduce  iron,  and  the 
other  lefe  fufible  metals  into  vapour. 

34.  Cryftallizability  confifts  in  the  ten- 
dency of  the  metallic  particles  when  feparated 
from  each  other  by  their  fluidity,  to  approach 
each  other  by  furfaces  bcft  adapted,  and  to 
affume  by  their  arrangement  a  regular  form 
concerning  which  we  have  already  treated  in 
the  fecond  Se6lion  of  the  prefent  work.  When 
the  metals  after  fufion  are  fuft'ered  to  cool  vi^ry 
flowly,  and  the  congealed  furface  is  broken, 
we  find  under  the  inner  portion  which  ftill 
remains  fluid,  after  pouring  the  portion  off^ 
cryftallizations  of  various  degrees  of  regu-' 
larity  depending  on  the  regular  tetraliedron  or 
cube^  which  is  the  form  of  their  integrant 
particles.  We  fliall  obferve  the  varieties  wliich 
this  double  form  produces  in  the  hiflory  of 
.each  metal 

35.  All  the  mietals  eminently  poflfefs  the 
faculty  of  conducing  eledricity,  in  confe- 
quejice  of  which  they  are  ufed  in  a  multitude 
of  elefi;rical  experiments.  It  appears  that  galr 
vanifm,  or  tl?e  property  pf  exciting  convulfive 
motions  in  the  mufcJe^/  by  interpoiition  of 
two  different  metaj^  brought  near  each  other 
jifter  haying  caufed  them  to  communicate  with 

and 
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Section  IV. 
Concerning  the  Natural  Hiftory  of  the  Metals. 

38.  NATURE  prefents  the  metallic  fub^ 
fiances  on  the  furface  or  in  the  interior  of  the 
globe.  .  They  are  either  alone  or  combined  with 
different  matters,  Thefe  laft  combinations  are 
Called  ores.  They  are  depofited  in  beds  more 
or  lefs  continuous  between  the  beds  of  ftones 
and  earthy  falts,  where  they  form  what  is  called 
veins.  The  part  which  covers  them  is  called 
the  roof,  that  which  fuppofts  them  the  floor, 
and  the  colledion  of  ftones  or  cryftals  which 
Accompany  ores,  conftitutes  their  gangue  or 
matrix. 

39.  Veins  are  diftinguiihed  into  rich  or  pool*, 
head  veins  or  fprigs,  true  veins  or  crofs  veins. 
The  terms  rich  and  poor  applied  to  the  veins  of 
ores  explain  themfclves ;  the  head  veins  are  in 
large  mafles,  which  will  pay  well  for  the  work- 
ing ;  the  fmalls  veins  are  fcattered  or  difperfed 
and  do  not  deferve  working.  They  are  only 
followed  occafionally,  in  order  to  find  the  head 
vein  from  which  they  branch.  Dire6l  veins 
are  thofe  which  follow  the  fame  dire6lion,  and 
may  be  eafily  purfued.  Crofs  veins  are  thofe 
which  are  interrupted  or  broken,  and  feem  to 
lofe  their  continuity. 

40.  The 
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40.  The  name  of  ores  fuppofes  the  metals  to 
be  combined  with  fome  foreign  fubftances 
which  marks  their  properties,  and  has  becndcnc- 
ihinated  the  mineralizer.  For  tlie  fame  reafon, 
metals  in  this  ftate  are  faid  to  be  mineralized. 
It  often  happens  that  two  or  more  metals  are 
united  at  the  fatne  time  to  the  fame  mineralizer; 
and  frequently,  one  fingle  hietal  is  at  the  fame 
time  combined  with  various  mincralizers,  and 
ftill  more  frequently  arc  there  in  ores,  all  toge- 
ther a  number  of  metals  and  mineralizers. 

41.  The  metals  and  their  ores  are  ufually 
found  in  ancient  primitive  mountains  of  granite, 
gneis,  quartz,  between  the  beds  of  which  their 
reins  flow  either  in  horizontal,  oblique,  or 
incHned  diteftions.  The  latter  is  the  moft 
frequent :  fo  that  the  head  of  the  vein  al- 
moft  always  appears  out  of  the  earth,  or  to 
the  day,  and  by  that  means  gives  a  certain 
indication  of  its  prefence.  The  pretended 
bad  ftate  of  the  trees,  the  drynefs  and  want  of 
vigour  ill  plants,  the  hard  and  dry  fands  are 
but  uticertain  indications  of  ores.  The  pre- 
tended inclinations  and  rotations  of  branches 
of  trees  fiipported  on  the  fingers,  and  which 
are  called  divining-rods  are  mere  tricks  of 
knavery  and  quackery,  as  are  likewife  the 
tremblings,  convulfions,  and  indifpofitions  pre- 
tended to  be  fuffered  by  certain  men  who  in 
that  manner  impofe  upon  human  credulity. 
The  coloured  and  metallic  fands,  fragments  of 
the  ores  attached. to  mountains,  rolled  down  in 

S  the 
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the  plains,  waters  charged  with  certain  me- 
tallic falts,  and  laftly,  the  boring  inftrument, 
are  the  only  fure  indications,  which  deferve 
the  confidence  of  thpfe  who  fearch  after  me- 
tallic bodies. 

42.  Befides  the  ores  of  original  formation 
concealed  in  the  bowels  of  mountains^  and 
which,  croffing  them  in  veins,  feem  to  have  been 
poured  at  one  fingle  caft  at  the  very  time  of  the 
formation  of  thefe  mountains,  we  find  fome 
minerals  depofited  in  fe'condary  ftra\a,  inmaflTesi 
in  ftaladites,  incruftations,  cryftals,  in  moun- 
tains or  hills  of  modern  formation,  where  they 
fill  fubterraneous  clefts  and  cavities.  Thefe  are 
manifeftly  owing  to  the  operation  of  water,  and 
the  tranfport  of  matters  altered,  diffolved,  mo- 
dified in  their  paffage.  The  oxigen  of  the  for- 
mer veins  is  not  fo  well  underftood,  though  it  is 
alfo  attributed  to  water. 

43.  The  numerous  difcoveries  which  have 
been  made  in  the  laft  half  century  refpeding 
the  nature  of  ores,  and  the  feveral  moft  modern 
analyfes  which  have  much  enlightened  and 
Amplified  our  knowledge,  refpefting  which, 
there  were  ftill  many  errors  and  hypothefes 
before  the  later  labours  of  Bergmann,  Klaproth, 
and  Vauquelin,  permit  us  at  prefent  to  cla(s 
thefe  natural  produftions,  or  to  reduce  the 
various  dates  of  foffils  to  five  claffes,  namely, 

a.  Native  metals, 

b.  Metals  alloyed  together, 

c.  Metals  united  with  combuftible  bodies, 

d.  Oxided 
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d.  Oxided  metals. 

e.  And  laftly,   metallic  oxides   combined 
with  the  acids 

44.  The  ridiculous  name  of  virgin  metal 
was  fonnerly  giv^n  to  thofe  which  are  at  prcv 
fent  more  accurately  called  native  metals.  This 
firii  clais  includes  metallic  fubflances  which 
are  ^fonnd  m  the  earth,  in  poflefllon  of  all 
their  charafteriftic  properties,  brilliancy,  co^ 
lour,  form,  weight,  du^lility,  &c.  Platina, 
gold,  .filver,  copper,  mercury,  bifmuth,  anti- 
inony,  and  arienic,  are  frequently  found  in  this 
Itate,  iron  more  feldom,  and  tin,  lead,  zinQ^ 
kc.  iliil  more  feldom.  To  this  clafs  are  re- 
ferred thcffe  metals  which  in  their  native  Hate 
are  ailoyad  only  with  fmall  quantities  of  other 
maetals,  fo  as  to  occafion  very  little  alteration  in 
their  obvious  properties. 

45.  Metals  alloyed  together  without  any 
other  combination,  and  without  union  witli 
condbufiible  bodies,  are  much  more  fcarqe  in 
nature  than  might  be  imagined.  Gold  and 
filver,  gold  and  copper,  mercury  and  filver,  are 
oidy  found  in  this  ftate. 

4€.  The  natural  combinations  of  metals  with 
combuflible  bodies^  are  on  the  contrary,  much 
more  numerous  and  more  multiplied.  We  might 
evfen  fay  that  it  is  in  this  ftate,  particularly  in 
that  of  metallic  fulphurets,  that  nature  has 
created  them.  Thefe  fulphureous  compounds 
form  the  veins  of  ores,  or  thofe  continued  mafles 
^ith  wWchthe  mountains  are  interfe^d.  Thele 

VoL^  V,  D  veins 
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veins  are  moft  commonly  explored  by  marr,^ 
:^:nd  from  tliefe,  the  greateft  quantity  of  the 
metals  iifed  in  fociety,  are  bbtained.  Such, 
iiiiore  efpecially,  are  the  ores  of  lead,  copper, 
filver,  zinc,  mercury,  antrmony,^  &c.  It  is 
not  improbable,  but  that  other  corabuftiblc 
bodies,  carbon,  and  particularly  phofphorus, 
may  be  difcovered  as  mineralizers  of  metallic 
^bftances. 

c    47'  The  metallic  oxides  are  alfo  very  abund- 
antly fpread  over  the  face  of  the  globe.     But 
they  are  never  found  in  fuch  large  maifes  as  the 
.fulphurets:  they  have  long  been  confidered  as 
metallic  earths,  becaufe  they  have  an  earthy 
^aippearance.     They  are  the  produ6l  of  the   pri^ 
mitive  veins  penetrated,  carried  off,  and  tranf- 
i^rted  by  water :  and  are  found  in  mountains  of 
fecondary  fo nidation.     The  oxides  are  ufually 
\rich  in  metal,  and  eafy  to  be  treated.     In  this 
liate  more  efpecially   are  found  copper,  iron, 
-lead,  zinc,  antimony,  and  all  the  brittle  metals. 
iPlatina,  gold,  and  filver  are  the  only  metals 
;^iich  are  not  found  nativtj  in  this  form. 

48.  Laftly,  the  faline  metallic  combinations, 
ibr  compounds  formed  of  metallic  oxides,  united 
-.\\'ith  acids  ^r  the  fimple  radical,  likewife  form,  if 
.not  the  moft  abundant  ores,  at  leaft,  thofe  which 
.nature  prelents  moft  frequently,  and  in  the  moft 
^various  ftates.-  Native  fulphates  and  carbonates, 
lof  copper^of  iron,  of  lead,  of  zinc,  the  muriates 
!of  moft  of  thefe  metals,  and  of  mercury,  tlie 
phofphates.of  lead  and  of  iron,  the  arfeniates, 
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the  molybdates,  the  tungftates,  and  the  cbro-* 
mates  of  metals  are  all  found  in  the  native 
ftate.  Thefe  laft  four  are  particularly  formed 
by  the  oxides  of  the  brittle  metals :  fometimes 
in  beds,  in  depofitions,  in  ftalaftites,  in  in- 
cruftations.  Sometimes  they  cryftallize  in  fub* 
terraneous  cavities;  frequently,  they.jare  di(- 
folved  in  water,  but  they  are  never  found  in 
malTes  like  the  fulphurets. 

49.  The  value  of  metals  in  commerce,  and 
the  profit  they  afford  to  thofe  who  poffefs  them, 
proportioned  to  the  rank  which  they  occupy  iti 
the  eftimation  of  man,  have  frequently  caufed 
names  to  be  given  to  ores  which  very  inaccu- 
rately reprefent  their  true  nature.  Thus  it  is, 
that  the  denomination  of  ores  of  gold  and  filver, 
or  of  copper  is  given  to  fuch  ores  us  really 
belong  to  other  metals,  with  refpecl  to  the  pro- 
portion of  metallic  matter  they  contain,  though 
they  afford  a  fufficient  quantity  of  gold,  filver, 
or  copper  to  defray  the  expences  of  working 
with  advantage. 

50.  This  mode  of  denomination  has  caufed 
much  trouble  and  confufion  in  mineralogy,  and, 
though  feveral  authors  have  in  this  refpeft, 
adopted  the  nomenclature  of  the  miners  who 
confider  only  the  value  of  the  produ6l,  and  not 
the  proportions  of  the  component  parts,  it  is 
evident,  that  mineralogifts  ought  to  follow  a 
contrary  courfe,  and  refer  each  ore  to  the  metal 
which  it  moft  abundantly  contains  ;  for  it  very 
often  happens,  that  minerals  contain  five  or  fix 
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different  metals^  united  at  the  fame  time  to  one 
©r  more  mineralizers. 

51 .  There  are  confequently,  three  different 
manners  of  diflinguifliing  and  claffing  metallic 
ores.  One,  that  of  niinere,  which  has  refpeft 
only  to  the  precious  metal  which  is  afforded. 
Tiiis  is  not  llie  method,  but  fimply  the  ufage  of 
workmen  who  exprefs  the  aim  of  their  labours, 
or  the  end  towards  which  they  are  direfted.  It 
cannot  but  be  hurtful  to  the  progrefs  of  fcience, 
when  applied  as  the  language  of  claflifi cation. 
The  fecond  confifts  in  referring  each  ore  to  the 
metal  witii  which  it  is  the  moft  charged,  and 
•COftfequently,  to  follow  in  their  claffification  and 
(diflnbution  the  fejies  of  the  metals.  We  fliall 
^malce  ufe  of  this  method  in  tlie  hiflory  of  each 
metal.  The  third,  by  confideri^ig  the  ores  almofl 
-abflraftedly  from  the  metals  with  which  they 
may  be  loaded,  and  confulering  them  only  as 
natural  compounds,  difpofes  or  arranges  tliofe 
according  to  the  number  and  the  proportion  of 
their  principles.  This  general  and  truly  minera- 
logical  method  may  ferve  to  clafs  regularly  the 
nlineral  produftions  of  nature.  A  iketch  will 
be  prefented  in  the  feftion  next  following  the 
prefent. 
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Section  V. 

Concerning  the  Art  of  AJfaying  Ores,  or 

Docimafy. 

52.  BY  fucceflive  labors  in  the  art  of  aflay- 
ing  ores,  or  the  analyfis  of  the  natural  combina- 
tions of  metals  with  the  different  fubftances 
which  mineralize  them,  we  have  fucceeded  in 
diftinguifhing  thefe  compounds,  in  clafling 
them,  and  in  referring  them  to  the  metals  to 
which  each  belongs.  Without  this  art,  no  phy- 
frcal  property  or  apparent  charafter  could  have 
guided  men  to  this  diftin6tion,  and  the  know- 
ledge of  ores  would  have  remained  in  that  ftate 
of  uncertainty,  error  and  imbecility  in  which 
it  fo  long  languilhed  before  the  refcarches  of 
modern  chemifts. 

-  53.  Ores  were  at  firft  affayed  with^  the  fimple 
view  of  afcertaining  the  advantage  which  might 
be  derived  from  them,  the  nature  and  quantity 
of  metallic  fubftances  which  might  be  expeded, 
and  to  guide  rr.iners  in  the  works  they  might  un- 
dertake, and  devote  to  the  exploring  each  kind 
of  ore.     This  intention  was  not  in  the  early 
times   dire6bed    to    the    accurate    analyfis    of 
minerals,  or  to  afcertain  with  precifion  the  na- 
ture or  Order  of  their  component  parts.     The 
only  views  which  at  firft  animated  chemifts, 
were  to  afcertain  the  proportion  of  metal  they 
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tained,  the  facility  and  difficulty  of  extrading 
it,  and  to  compute  the  lofs  and  charge  which 
that  operation  might  require.  Thus  far  the 
docimaftic  art  Av^as  confined  to  the  fimple  praclice 
of  the  miners.  But  fkilful  chemifts  having  been 
frequently  confulted  refpe6ting  this  art,  and 
the  great  varieties  obferved  in  different  mo-» 
difications  of  the  fame  metal,  -having  ftruck 
thofe  Avho  were  charged  with  their  examina- 
tion, tlie  docimaftic  art  foon  advanced  towards 
perfeftion,  aud  has  become  one  of  the  moft  im^ 
pbrtant  branches  of  chemiftry.  Its  refults  are 
no  longer  confined  to  the  mere  metallic  pro- 
duds  ;  they  are  extended  to  the  different  matters 
which  mineralize  metals,  their  proportion,  their 
adhefion,  their  attra6lions,  and  their  various 
modifications  or  habitudes. 

54.  The  art,  therefore,  being  elevated  to  new 
conceptions,  became  connefted  with  minera-» 
logical  fcience.  It  is  an  effential  part  of  this 
branch  of  natural  hiftory,  to  which  it  has  given 
a  great  degree  of  perfeftion.  We  are  led,  there- 
fore, to  diftinguiili  docimafy  into  two  parts, 
the  one  which  is  direded  merely  to  enlighten 
metallurgy,  fo  as  to  precede  and  dire6l  its  pra- 
cefles  ;  and  the  other,  which  confiders  its  fab-» 
je6l  in  a  greater  extent,  and  not  only  applies 
to  the  refearch  of  the  metal,  and  the  means  of 
extrafting  it  with  the  lead  trouble  or  charge, 
but  alfo  propofes  to  determine  with  accuracy 
the  materials  of  the  ores,  to  compare  them  tQ-» 
^ether^  and  tofumiili  the  means  of  fyfiematically 
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arranging  them.  The  aim  of  the  firft  is  to 
direft  metallurgnc  practice ;  the  other  while  it 
anfwers  the  fame  purpofe,  is  a]fo  advantageous 
to  the  mineralogift  M'ho  is  defirous  of  claffing 
;jietalliferous  foffils,  and  the  geologift  who  de- 
fires  to  know  their  formation,  their  changes, 
their  tranfitions,  and  refpe^live  relations  in  na- 
ture. The  chemift  mnft  c^^nfider  docimafy  in 
this  double  point  of  view,  in  order  to  form  a 
proper  conception  of  the  properties  of  metals. 

55.  Though  the  docimaftic  works  in  general 
may  be  confidered  as  really  different,  according 
to  the  ores  upon  M'hich  tliey  are  employed,  they 
aeverthelefs,  have  one  common  refemblance 
under  which  we  may  confider  tlie  procefs  as  an 
operation  nearly  analogous  with  all  minerals, 
at  leaft,  as  far  as  relates  to  the  art  of  the  miner. 
The  fpecimens  of  the  ore  are  firft  felefted  out  of 
the  rich,  the  pooi-,  and  the  middling  famples  : 
this  is  called  lotting  it.  Thefe  are  pulverized, 
are  broken  in  a  wooden  ftampcr,  to  deprive 
them  of  their  light  ftony  matrix,  and  colle6l  the 
mineral  at  the  bottom  of  the  veifeL  They  are 
roafted  in  a  (hallow  eacthen  v^ffel,  with  a  proper 
cover  to  prevent  lefs  by  decrepitation  ;  by  this 
treatment,  the  volatile  part  of  the  mineralizer 
flies  oflf  in  vapour  in  the  atmolphere,  and  the 
metallic  part  becomes  oxidecL  The  ore  is  left 
ignited  till  it  emits  no  more  perceptible  vapour. 
The  weight  after  this  roafting,  fhows  the  pro- 
portion of  volatile  matter  it  contains.  The 
roafted  ox0  is  afterwards  mixed  with  three  tinij^s 

its 
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its  weight  of  black  flux  or  tartar,  half  burned 
by  nitre,  and  a  fmall  quantity  of  muriate  of 
foda.  The  carbon  of  the  flux  thus  oxides  the 
metal.  The  alkali  caufes  the  matrix  ta  flow, 
and  the  fca-falt  covers  the  metallic  fubftance, 
and  defends  it  from  oxidation.  When  the  ftifion 
is  complete,  the  mixture  is  fufllered  to  cool, 
after  which,  under  a  well-fufed  and  very  homo* 
geneous  fcoria,  the  metal  is  found  collected 
in  afingle  maft,  of  which  the  weight  and  th^ 
nature  indicates  what  may  be  e^xpefiled  by 
metallurgic  work  in  the  large  way. 

56.  The  aflay  often  requires  to  be  modified 
m  certain  refpeds  according  to  the  different 
nature  of  the  ore. 

In  fome  cafes,  more  aftive  fluxes^  than  the 
black  flux  are  required,  particularly  for  the 
more  refraftory  or  more  infufible  ores.  In-  that 
cafe,  borax  or  pounded  glafs  with  pot-alb 
is  taken,  and  frequently,  oil  or  tallow  is 
added  to  favor  the  reduction  of  the  metallic 
oxides.  Sometimes,  even  the  eleciive  attrac- 
tions are  employed  to  unmineralize  the  metal 
by  heating  the  ore  with  another  metal,  which 
has  a  ftronger  attra6i;ion  for  fulphur  than 
that  metal  has  which  is  contained  in  the  ore. 
But  it  feldom  happens  in  cafes  of  this  fort,  that 
a  portion  of  the  metal  employed  does  not  com- 
bine with  that  Avhich  was  added,  fo  as  to  altey 
its  quantity  and  quality; 

57.  The  metal  obtained  by  this  firft  procefi 

i«  feldom  pure.     A  metal  difficult  to  burn^  fuch 

as 


as  was  formerly  called  a  perfefl  tnetal^  frequcntlj^ 
contains  a  very  oxidiable,  or  as  it  was  called^ 
imperib6l  metal.  In  that  cafe,  to  abftta£t  this 
lafi,  thfe  metal  is  roafted  a  lecond  time,  heating^ 
and  agitating  it  with  the  conta6i;  of  air ;  and 
though  this  procefs  has  not  an  extreme  accuracy; 
it  is  fttificienl^  nevierthelefs,  to  afford  a  refult 
ftMtable  to  the  expeSations  of  miners;  This; 
xnethod^pf  affaytng  is  even  too  accurate,  in  feme 
inftances,  ^s  the  neceflities  of  metallurgy ;  for 
it  gives  a  greater  metallic  prodnjft  than  can  he 
hoped  for  in  the  large  way,  and  produces  an 
error,  becaufe  it  rec^uires  the  u(e,  and  is  made 
mider  the  influence,  of  fluxes  whicli  cannot  be 
applied  in  the  operations  in  the  large  way :  foe 
this  reafon,  the  al&y  is  made  to  isfemble  tlie 
metallurgic  works  more  clofely  by  attempting 
to  flux  the  ores  Amply  among  charcoal,  and  the 
fiiflon  is  afliiled  by  iron  fcales,  or  glafsgall;  mat"- 
ters  of  fuch  low  price  that  they  can  be  em*- 
ployed  in  the  large  way. 

58.  Though  the  aflay  may  be  fufiicient  for 
the  miner  or.  i^etallurgift;^  thofe  who  cultivate 
mineralogy  a^d  ehemifl:ry  are  not  content,  with 
it,  becaufe  it  does^  not  afford  the  information 
they  require  for  the  knowledge  and  clafl[ifix?ation 
of  minerals.  P^rt  of  the  metal  efcapes  in  va- 
pour, part  remains  in  the  fcoria;  the  metal  it- 
felf  ia  more  or  lefs  impure,  and  Jts^  ore  is 
diflipated  or  confounded  in  the  fcoria.  To  this 
irregular  aflay,  we  mufij  therefore,  fubfl:itnte 
m  analy  fi^i  accurate  in  ^.11  the  means  which  ait 
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can  employ.  ■  The  imperfefl:  roaftirig  of  tbe  mev 
tallurgift  muft  give  place  to  the  regular  diftilla- 
tion  with  the  retort,  or  the.aftion  of  lire  en- 
clofed  in  veffels  in  fuch  a  manner  as  to  coHe6l 
the  folid ;  the  liquid  or  a^riforni:  produfts,  dif- 
engageS  by  calorie,  to  afcertain  their  riature- 
and  determine  their  quantity,  at  the  fame  time,, 
that  a  proper  eftimate  is  made  pf  the  fufibility  d| 
the  ore,  after  having  carefully  defcribed  its  form, 
lirufture,  colour,  fpecific  gravity,  and  all  its 
phyfjcal  properties,  ' 

;:/59/  The  moft.fevere  and  nioft  ufeful  method; 
of  analyfing  ores,  or  to  make  a  complete  che- 
mical affay,.  con  fifts,  more  efpecially,  in  treating- 
them  by  acids  which  diffolve  the  metals  without 
touching  the  mineralizer,  particularly  fulphur. 
For  this  purpofe,  however,  we  muft  ufc  the  ful*- 
phuric  or  muriatic  acids,  for  the  nitric,  parti- 
cularly when  tot>  ftrong,. forms  a  fulphur,  and 
produces  error^efpcding. its  quantity,  and  even 
frequently  changes  the  nature  of  the  Ore.  The 
fiilphuric  or  muriatic  acids  muft  alfo  be  diluted 
in  almoft  every  c^fe.  ThiB  infoluble  matters 
being  well  waflied,  indicate  the  proportion,  as 
well  as  the  nature  of  the  mineralized  fubftance. 
The  metal  in  folution  is  precipitated  by  al- 
kalis, by  hydro-fulphurated  water,  and  often 
by  other  metals,  which  having  a  ftronger 
attraction  for  oxigen,  dilbxide  it,  and  feparate 
it  from  the  acids,  in  which  they  take  its  place.^ 
Jn  general,  it  is  eafy  to  obferve,  that  in  this 
kind  of  analyfis,  which  is  here  pointed  out  only 
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in  a  general  way,  an  extenfive  and  entire  know* 
ledge  of  the  a6iion  of  all  bodies  on  the  feveral 
metals,  is  fuppofed  to  be  in  poffeffion  of  the 
operator.  For  all  bodies,  when  once  their  ac- 
tion is  well  knowQ;  may  become  very  ufeful 
inilruments  in  the  analyfis  of  ores.  Numerous 
proofs  of  this  will  be  feen  in  the  hiftory  of  each 
particular  metal 


Section  VI. 

Concerning  Metallic  Works  on  a  large  Scale^ 

or  Metallurgy. 

60.  WHEN  it  is  once  afcertained  by  the 
docimaftic  efFe6l,  that  an  ore  may  be  worked 
with  advantage,  the  metallurgift  proceeds  in  his 
operations,  firft  extrading  the  ore  by  all  the 
mechanical  methods  the  art  poffeffes,  which 
confift  in  digging  fliafts,  opening  adits,  employ- 
ing various  machines  to  raife  the  water,  renew 
the  air,  bring  up  the  ore,  favor  the  afcent  and 
defcent  of  the  miner,  prevent  the  earth  from 
giving  way,  &c. 

.  61.  Thefe  firft  proceffes  of  the  extraction  of 
the  ore,  enlightened  by  the  information  of  geo- 
metry, mechanics,  mineralogy,  geology,  fub- 
terranean  geometry,  founded  alfo  on  the  know- 
ledge of  conftruftions  of  frame- work  in  wood, 
requiring  the  united  exertions  of  various  talents, 
md  fupported  by  ccmrage,  patience,  andfirmnefs 

in 
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iH  enterprize,  conftitute  a  very  importaHt  art 
ivhiGh  requires  long  and  ferioue  ftady,  con-* 
tinual  obfervation,  experience,  and  pra6licc, 
added  to  the  moft  profound  theoretic  medlta)- 
tions.  A  man  thus  qualified  is  an  en-gincer  of 
mines.  Though,  this  art  may  appear  foreign 
to  the  general  ftudy  of  chemiftry,  it  is  ncceflFary 
that  the  ftudent  fliould  be  acquainted  with  its 
firft  notions  or  elementary  parts,  which  necef- 
farily  precede  the  knowledge  of  the  metallic 
treatment  of  ores.  The  following  are  the  bafes 
of  the  art  of  extrafting  them  from  the  earth  : 
^  62L  In  general,  after  having  bored  the 
ground  which  contains  ores,  or  having  afcer- 
tained  their  exiftence  by  various  indications,  a 
fquare  perpendicular  well,  or  iliaft  is  dug  in 
Ithe  ground,  fufficiently  wide  to  place  ftrait 
ladders  therein  ;  over  which  machinery  is  fi^xed 
for  the  purpofe  of  raifing  and  lowering  veffelsr, 
and  in  which  it  is  fometimes  neceflary  to  fix* 
pumps  to  draw  off  the  water  which  is  collefted. 
If  the  ore  be  too  deep  for  a  fingle  /haft  to  lead' 
fi-om  the  grafs  or  furface,  to  the  vein  at  the 
bottom  of  the  firft  fhaft,  an  horizontal  gallery- 
is  opened,  at  the  end  of  which  a  fecond  fliaft 
is  funk,  and  in  this  manner  the  workmen  pro- 
ceed until  they  arrive  at  the  bottom  of  the 
mine. 

63.  When  the  rock  to  be  perforated  is  hard, 
folid,  and  capable  of  fiipporting  itfelf,  the 
fliaft  will  not  require  to  be  guarded  within, 
but  i^  it  be  foft  *ui4  friable,  if  it  threaten  to 

fall 
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fall  in  during  the  excavation,  it  becomes  ne- 
ceffary  to  &tppfOit  tlie  Aaft  and  gallery  widi 
pieces  of  wood-work^  coveit.d  with  planks  all 
round,  in  order  to  fupport  tiie  earth  and  retain 
the  figments,  which  from  time  to  time  would 
feparate  and  might  maim  the  workmen. 

€i.  One  of  the  important  particulars  of  the 
art  pf  ex^ring  mines,  is  the  renovation  of 
the  air.  When  it  is  practicable,  to  open  a  gal- 
lery which  Jiadl  lead  from  the  bottom  of  the 
ihsJSt  to  the  day  or  open  air,  a  current  is  eafily 
eftabliftied  by  this  fimple  artifice.  When  this 
is  not  poffible  a  fccond  fhaft  is  funk  to  the 
ext^mVty  of  the  gallery,  oppofite  to  tliat  where 
the  firft  was  funk.  Wlien  one  of  thefe  fhafts 
opens  at  a  different  level  from  tlie  other,  the 
circnlatioii  and  renewal  of  the  air  are  eafy.  If 
die  iccond  iliafts  be  of  equal  height,  the  current 
will  not  take  place  fpontaneoufly,  butinhft  be 
detei'mined  by  xraufing  of  them  to  communicafe 
with  a  lighted  furnace. 

6S.  The  danger  of  wateis  which  overflow  the 
works,  and  retard  the  operations,  at  the  fame 
time  tliat  they  tlireaten  the  fafety  of  the  -^'ork- 
men,  are  310  Icii  neceffary  to  be  provided  againft. 
If  the  water  tranfudes  gradually  through  the 
'Caath,  it  iway  be  let  off  into  tlie  plain  or  the 
.  neareft  river  by  means  of  an  horizontal  adit. 
Mitkft  collected  in  greater  quantity,  or  if  it 
be  :not  poffibk  to  open  fuch  an  adit,  the  wa- 
k  ectra^ed  hy  pumps,  which  are  inm^ed  either 
hy  41  ftpeam,  -w.  by  a  pond^  or  by  Tis^ur  ^f 

water 
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water  introduced,  and  condenfed  in  cylindenf- 
Thefe  laft  machines  called  fteam-engines,  arc 
at  prefent  much  more  common  than  formerly;. 
It  is  an  obje6l  of  great  difficulty  fometimes  to 
defend  the  works  againft  enormous  maffes  of 
water  which  rufli  forth  when  in  digging  a  yaft 
fubterraneah  refervoir  is  opened.  Thefe  cafes 
happily  are  very  rare,  but  they  are  in  fome 
meafure  provided  againft  by  a  kind  of  movable 
ftrong  door,  or  barricade,  which  the  workmen 
place  at  the  moment  when  they  find  by  the 
particular  found  of  the  rock,  H/ft  the  waters 
are  coming  in  upon  them,  which  barricado,  by 
igparating  them  from  the  liquid,  gives  them 
time  to  fave  themfelves. 

66.  The  deftruftive  elaftic  fluids,  which  ft> 
frequently  are  difengaged  in  the  cavities  of 
mines,  and  particularly  the  carbonic  acid  gas, 
and  different  fpecies  of  mixed  hidrogen  gaffes, 
ttnore  or  lefs  pernicious,  are  alfo  among  the 
moft  formidable  enemies  of  miners.  Galleries, 
fircs,  ventilators,  inflammations  by  m^ans  of 
torches  held  at  a  great  diflance  in  thofe  parts 
of  the  mines  which  are  mephitized  by  the  in- 
flammable gaffes,  and  particularly  the  various 
methods  of  caufing  frefli  air  to  enter,  are  the 
only  remedies  which  can  be  oppofed  to  thefe 
fubterraneous  evils. 

67.  When  the  ore  which  has  been  difcovered 
and  extraded  from  the  ground  by  pick-axes, 

:  crows,    gun-powder,    &c.    is  carried  to  grafs^ 

:it  is  fubje^ed.to  all  the  mepbojaical  and  chemi- 

:    '  '  2  cal 
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cd  operations  requifite  to  feparale  tha  metal. 
Thefe  operations  neceflarily  confift  in  forting, 
ftamping,  wailiing,  roafling,  filling  and  refin- 
ing. Though  each  of  thefe  fix  metalhirgic 
operations,  differ  more  or  lefs  according  to 
the  nature  and  kind  of  the  ore,  they  are  never- 
thelefs  all  more  or -lefs  neceffary  to  eacli  other, 
and  they  have  in  every  fpecies  and  locality, 
and  uAder  every  variety  of  manipulation  always 
fbnie  common  circumftances  which  allow  them 
to  be  defcribed  in  a  general  manner. 

68-  Sorting  confifts  in  the  feparation  which 
is  made  after  the  ore  is  brought  to  grafs,  or  to 
the  furface  of-  the  ground,  of  the  different 
pieces  of  ore,  which  frequently  require  differ- 
ent modes  of  treatment,  or  are  expeftfed  to 
afford  different  produ6ls  according  to  their 
riches  and  their  nature.  It  is  not  pra&ifed 
excepting  in  rich  and  vduable  ores,  fuch  as- 
thofe  of  gold,  filver,  &;c.  It  is  fentrufled  to  a 
fkilful  workman,  or  men  well  experienced  in 
mine  works,  one  of  the  matter  miners. 

69.  When  the  ore  is  forted,  it  is  carried  to 
the  (tamper.  This  is  an  inftrument  for  pound- 
ing, a  kind  of  large  mortar  or  trough,  in 
which,  by  means  of  wells,  vertical  pieces  of 
wood  are  moved  up  and  down,  terminating 
below  in  an  iron  furface  rounded  like  the  end 
of  a  p^ftle.  The  alternate  rife  and  fall  of  thefe 
kind  of  peftles  moved  by  water,  air,  or  fire, 
break,  and   pound  the  ore,  together  with  its 


gangue. 
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70.  Frem  tthe  Aam^ing  mill,  the  pout^ded  0« 
is  canveyed  to  the  waihing»  which  is  performed 
J>y  many  ^different  opersctions,  either  by  hand 
in  wooden  veffels,  or  in  troughs,  which  crofe  a 
current  of  water,  or  on  the  bank  of  a  brook, 
x>r  even  in  its  bed,  or  upon  inclined  tables  armed 
with  cloth,  intended  to  ftop  the  irregular  frag- 
ments of  the  ore ;  this  lail  machine  is  not  u&d, 
-excepting  when  the  ore  is  rich  and  valuable  for 
the  abundance  of  its  metal  In  all  thefe  pro* 
ceffes,  the  agitated  water  carries  with  it  the 
ftony  matter  which  is  lighter  than  the  ore, 
white  the  ore  itfclf  falls  to  the  bottom  of  the 
utenfil  in  which  the  wafliingis  performed. 

71.  The  operation  of  roafting  j?enders  the 
ore  .-&iahte,  divides  it  and  reduces  into  fmall 
pieces,  or  f(?parates  by  volatilization  the  greatefi 
ipart  of  the  mineralizes,  which  conceals  the 
•properties  of  the  metal.  It  is  performed  in  a 
variety  of  ways  or  different  proceffes,  accord- 
ing to  the  nature  of  the  ore,  the  force  or  ex- 
tent of  fire  intended  to  be  applied,  the  dqgree 
oof  adhefion,  and  quantity  of  mineralizer,  whe- 
ther fulphur  or  arfenic,  and  fometime  both  to- 
gether, which  are  intended  to  be  feparated. 
Tlie  roafting  is  fonietimes  performed  in  the  air, 
ibmetimes  in  furnaces,  or  among  the  charcoal ; 
in  fome  inftances  there  are  particular  furnaces 
ibr  this  operation,  and  in  others  the  fame  fur- 
,iiaces  as  are  intended  for  fmelting,  are  alfo  ufed 
for  roafting. 

72.  Smelting 
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72.  Smelting,  or  the  art  of  fufing  the  ores 
after  roafting,  is  the  J)rincipal  and  moft  im- 
portant of  metallurgic  operations,  all  the 
other  being  preliminary  or  preparative  to  this. 
The  whole  attention  of  the  miner  is  direfted 
towards  this  procefs ;  to  this  all  his  efforts  are 
applied,  becaufe  it  affords  the  true  iiftful  pro- 
du6l  to  which  his  hopes  are  direfted.  Though 
it  confifts  in  general  in  fufing  the  roafted  ore  to 
extra^l  the  metal ;  though  in  this  point  of  view 
it  feems  to  prefent  a  fimple  and  uniform  opera- 
tion, there  is,  neverthelefs,  no  operation  M'hich 
differs  fo  much  in  its  circumltances,  according 
to  the  nature  of  the  metal  and  the  ore  required 
to  be  treated,  and  according  to  the  fu/naces 
made  ufe  of,  the  nature  and  quantity  of  the 
combuftible  employed,  the  energy,  duration, 
and  adminiflration  of  the  fire,  the  addition  of 
an  appropriate  flux,  the. heat  being  applied  in 
the  midfl'  of  the  coal,  or  iii  crucibles,  the  pe- 
riod, the  length  of  time,  and  the  mode  of  cafl- 
ing.thc  fufed  metal ;  every  thing,  even  the  form 
of  the  metal  which  flows  out,  varies,  and  pre- 
fents  to  the  obferver  very  remarkable  differ- 
ences, pn  this  fubjed  we  fhall  fpeak  more 
largely  under  the  hiflory  of  each  particular 
metal. 

73.  When  the  ore  is  fmeltcd,  and  the  metal 
obtained,  the  whole  procefs  is  not  yet  finifhed. 
This  metal  is  fcarcely  ever  pure.  It  is  either 
altered  by  certain  fubflanccs  foreign  to  its  me- 
tallic nature,  or  it  contains  a  portion  of  another 

Vol.  V.  E  metal, 
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•niefeal,  which  alters  the  properties  of  this  which 
is  defired  in  a  pure  ftate;  or  elfe  it  contains 
a  portion  of  a  metal  more  valuable  than  all  the 
reft  of  the  mafs,  which  it  is  neceffary  therefore 
to  extraft;  or,  laftly,  it  is  an  alloy,  in  large 
proportions  of  feveral  metals,  which  afe  re- 
quired to  be  fcparated  from  each  other.  Thefe 
various  objeds  to  be  fulfilled,  of  which  the 
pra6lice  muft  differ,  as  we  perceive  from  the 
limple  enumeration,  belong  to  the  laft  operation 
of  treating  ores  in  the  large  way.  All  the  ope- 
rations fubfequent  to  the  fmeltingy  are  compre- 
hended under  the  general  name  of  refining,  be- 
caufe  the  efFe6i  is  always  to  obtain  a  pure  metal. 
Under  each  article  of  the  feveral  metals  we 
fliall  Ihow  what  are  the  praftices  refpedtively 
for  refining  the  fame. 


Section  VII. 

Concerning  the  O.vidability,  or  Coinbujiibility 
of  the  Metals  by  the  Air. 

74.  ALL  that  has  hitherto  been  faid  refpeft- 
ing  the  metals  in  general,  is  but  remotely  ap- 
plicable to  their  chemical  properties,  or  at  leaft 
it  requires  the  ftud)i  of  thefe  laft  properties,  in 
order  to  receive  a  more  accurate  development, 
and  to  prefent  the  moft  precife  refults  to  the 
nnderftanding.     It  is  therefore  effential  to  fix 

our  attention  upon  thefe  laft  properties  in  order 
to  obtain  the  charafters  of  metallic  fubftance^. 

•      The 
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The  fix  laft  paragraphs  of  this  hiftory  of  the 
metallic  genus  are  confecratcd  to  the  examina- 
tion of  thefe  properties.  We  pafs  fucceffivcly  iii 
review  the  manner  in  which  they  are  altered  by 
the  air,  their  combination  with  combuftible 
bodies,  their  adion  upon  water  and  the  oxides 
in  general,  that, which  they  exercife  upon  the 
acids,  their  habitudes  with  falifiable  bafes,  and 
laftly,  with  the  falts.  Thefe  fix  di^^fions  will 
complete  all  that  can  be  known  refpecling  the 
chemical  compofitions  of  the  metals ;  and  \vc 
fhall  fee  that  the  fame  order,  followed  with  fome 
modification  with  regard  to  the  fpecies,  will  ren-* 
der  their  hifi:ory  equally  accurate  and  complete. 

75.  When  we  feparate  the  oxidability  of  me- 
tals by  the  air,  or  their  combuftibility,  properly 
fo  called,  from  all  their  other  chemical  proper- 
ties, we  announce  that  this  property  deferves  a 
moft  marked  attention.  It  is  in  fa6l  the  tnoft 
prominent  fundamental  charader,  the  moft  im- 
portant attribute  of  the  metals;  it  is  at  the 
fame  time  the  key  for  explaining  all  the  pheno- 
mena they  prefent  in  their  combinations.  The 
oxidability  of  thefe  bodies  by  the  air,  varies 
not  only  with  regard  to  their  fpecies,  as  we 
fliall  fee  in  the  hiftory  of  them  rcfpedlively ; 
but  they  alfo  vary, 

As  With  tegard  to  tile  temperature  at  which 
the  combuftion  is  effefted. 

B.  Or  the  facility  with  which  it  takes  place. 

C.  Or  the  difference  which  the  temperature 
itfelf  undergoes  during  the  procefe. 

E  2  25.  Or 
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7).  Or.  by  the  proportion  of  oxigen  it  re- 
quires. 

j5.  Or  the  phenomena  which  accompany  it. 

F.  Or  the  various  attradtions  of  the  oxiding 
principle  to  the  metals. 

G.  Or  the  ftate  of  the  oxigen  in  the  oxided 
metals. 

H.  Or,  laftly,  by  the  charafter  which  the 
metallic  oxides  affume  in  proportion  as  they 
acquire  that  ftate.  In  order  to  obtain  accurate 
notions  of  thefe  circumftances  we  muft  con- 
fider  each  of  them  by  itfelf. 

76.  The  oxidability  of  certain  metals  by 
means  of  the  air,  commences  at  the  loweft  tem- 
perature, but  in  other  metals  it  requires  the 
moft  extreme  heat.  Manganefe,  and  iron,  for 
example,  burn  at  all  temperatures ;  filver,  gold, 
and  platina,  on  the  contrary,  do  not  burn  unlefs 
extremely  heated.  All  the  other  metals  hold 
an  intermediate  place  between  thefe  two  extre- 
mities. On  this  account  it  is  that  the  oxida- 
tion of  metals,  being  formerly  confidered  as  a 
kind  of  deftru6lion,  becaufe  in  this  procefs  they 
lofe  their  metallic  properties,  and  undergo  a 
great  diminution  with  regard  to  the  arts,  che- 
mifts  have  confidered  gold  and  filver  as  inde- 
ftruclible  metals,  and  iron,  on  the  contrary,  as 
the  moft  deftruiSlible  of  thefe  fubfiances.  But  it 
is  evident,  that  this  is  only  a  fpecific  difference 
between  them,  that  it  truly  relates  to  the  time 
proportionally  required  for  their  oxidation.  For 
there  is  not  a  fingle  metal  which,  when  expofed 
3  for 
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for  a  fufficient  time  to  the  air,  does  not  at  laft 
undergo  combufiion  by  the  mere  temperature 
of  the  atmofphere. 

77.  The  facility  of  oxidation  is  the  confe- 
quence  of  the  preceding  property.  Some  metals 
burn,  and  become  oxided  fo  eafily,  that  it  is 
neceflary  to  defend  them  from  the  conta6l  of 
the  air,  if  we  wifh  to  prefervc  their  brilliancy 
and  their  folidity.  Such  are  iron,  tin,  lead, 
copper,  manganefe,  which  cannot  be  well  de- 
fended from  change  by  the  air  but  by  co- 
vering them  with  a  varniih  or  a  metallic 
coating  of  fome  other  kind.  On  the  con- 
trary there  are  metals  which  undergo  fcarcely 
any  change,  even  in  their  polifli,  fuch  as  gold 
and  platina. 

78.  The  metals  differ  in  their  oxidability,  not 
only  with  regard  to  the  manner  in  which  they 
refpe6iively  demand  an  elevation  of  tempera- 
ture,, but  there  is  with  regard  to  moft  of  them, 
a  diverfity  even  in  the  mode  of  their  oxidation 
by  which  the  difference  of  temperature  they  are 
expofed  to  may  be  marked.  In  general,  they 
all  tend  to  become  oxided  more  cafily  on  the 
one  part,  and  to  abforb  their  oxigen  on  the 
other,  the  higher  the  temperature  is  to  which 
they  are  expofed.  And  ftill  more  do  moft  of  the 
metals  become  oxided  in  a  determinate  manner, 
and  at  any  determinate  temperature,  whence 
we  may  appreciate  the  ftate  of  their  oxidation 
by  the  heat  which  has  been  communicated  to 
thenu 

The 


54  OXIDATION    OF    METALS. 

The  elevation  of  temperature  in  the  metals 
almoft  always  caufes  rapidity  of  oxidation,  and 
elevates  this   property  even    to  inflammation, 
or   the  evident  phenomenon  of    combuftion. 
Thus  it  is  that  when  fine  fihngs  of  the  metals 
are  thrown  into  a  ftove  in  a  ftrong  ftate  of  ig- 
nition, or  through  brilliant  flames,  they  form, 
while  burning,  fparkles  of  a  lively  and  fhining 
appearance,  depending  on  the  ftrong  heat  they 
undergo;  and  from  the  fame  caufe  it  is   that 
iron  or  fteel,  ftrongly  ftruck  againft  filiceous 
ftories,  butns  with  a  lively  flame  in  the  air,  in 
confequence  of  the  great  heat  which  this  per-^ 
cuflion  communicates  to  them. 

79'  The  proportion  of  oxigen  which  unites 
to  the  metals  during  their  oxidation,  is  alfoone 
of  the  circumftances  which  caufe  the  variation 
of  this  phenomenon.  They  all  differ  with  re- 
gard to  this  proportion,  and,  confequently,  de-^ 
mand  a  greater  or  lefs  contact  of  the  aix,  in 
order  that  they  may  be  burned.  Each  metal 
likewife  varies  in  itfelf  as  to  the  quantity  of 
oxigen  it  abforbs  in  the  air,  according  to  tlie 
manner  in  which  the  combuftion  is  performed, 
and  the  temperature  to  which  it  is  raifed. 

80.  In  all  the  limits  of  the  condition  and 
circumftances  which  have  been  here  jnentioned, 
the  phenomena  of  the  oxidation  of  the  metals 
are  difttrent  Sometimes  the  metal  ignitfcs  and 
takes  fire  ;  fometimes  it  is  pxided  without  fu-* 
fion,  or,  in  other  inftances,  the  metal  does  not 
oxide  until  after  it  has  been  fluid.  Sometimes  it 

becomes 


OXIDATION    OF    METALS.  65 

becomes  covered  with  a  thin  brittle  cruft  or 
adherent  powder ;  in  other  inftances  a  pellicle 
of  rainbow  colours  is  fonned  at  its  furface 
to  which  the  oxide  does  not  adhere.  But  in 
every  cafe  the  metal  becomes  tamidied,  lofes 
its  brilliancy  and  its  colour,  and  aiTunies  an 
appearance  which  announces  the  oxidation  it 
has  undergone. 

81,  Oxigen,  by  mixing  in  the  metals  in  pro- 
portion as  they  bum  by  expofure  to  the  air, 
either  contrails  an  adherence,  or  unites  with  an 
attraction  which  is  peculiar  to  each  of  them,  and 
of  which  the  degree  is  highly  important  to  be 
known  with  regard  to  a  multitude  of  opera- 
tions a,nd  chemical  refults.  On  this  degree  de- 
pends the  difficulty  of  feparating  the  oxigen 
united  to  the  metals,  and  the  neceffity  of  fome- 
times  employing  bodies  which  attra6l  it  ftill 
ftronger  in  order  to  caufe  its  feparation. 

82.  Wp  muft  alfo  obferve,  during  the  fixation 
of  atmpfpheric  oxigen  in  metallic  fubliances,  the 
mode  alfo  of  this  fixation,  and  the  ftate  which  the 
priQciple  itfelf  acquires.  In  fome  of  the  metals 
it  is  abforbed  in  a  very  folid  ftate  and  lofes  much 
caloric;  jn  others  it  is  precipitated  without  aban- 
doning the  fame  quantity  of  its  folvent ;  fo  that 
if  the  feveral  metals  be  oxided  fmgly  in  the 
centre  of  the  calorimeter,  the  quantity  of  fufed 
ice  may  ferve  to  determine  the  proportion  of 
caloric  difengaged  fjfom  the  air  by  each  of 
them;  and,  confequently,  the  ftate  of  folidity 
w)iich  the  oxigen  contracts.     This  proportion 

anfweis 
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anfwers  to  the  manner  in  which  their  decotn- 
pofition  or  difoxidation  may  be  elFeded,  thofe 
which  have  abforbed  oxigen  in  the  leaft  folid 
ftate,  or  retaining  the  greateft  quantity  of  ca- 
loric, are  reduced  eafily  by  caloric  or  by  light ; 
thofe  on  the  contrary,  in  which  the  oxigen  fixes 
itfelf  with  the  lofs  of  much  of  its  folvent,  are 
not  unburned  or  difoxided,  or  confequently 
reduced  into  the  metallic  ftate,  but  by  a  great 
accumulation  of  caloric.  Moft  of  the  metals 
even  require  the  addition  of  fome  other  body 
which  has  a  ftronger  attraction  for  oxigen  than 
the  metal  itfelf  has. 

83.  With  regard  to  the  charaders  which  dif- 
tinguifli  the  metallic  oxides  made  by  the  con- 
taft  of  the  air,  they  are  all  varied  in  the  differ- 
ent fpecies,  as  we  fliall  hereafter  fee  ;  but  they 
have  at  the  fame  time  certain  properties  com-* 
mon  to  all  of  them,  by  which  they  differ  from 
the  metals ;  and  it  is  to  thefe  properties  that  we 
muft  in  this  place  direft  our  attention.  All  the 
oxides  poffefs  the  pulverulent  form,  or  they  are 
brittle,  and  eafy  to  be  reduced  into  powder. 
They  prefent  all  the  pofTible  fhades  of  colour, 
from  white  and  grey  to  brown  and  deep  red ; 
they  weigh  more  than  the  metals  from  which  they 
are  produced,  and  this  augmentation  amounts 
to  a  few  hundredth  parts  in  fome  oxides, 
and  in  others  to  more  than  half  their  weight ; 
they  refemble  earths,  and  for  this  reafon  they 
were  formerly  denominated  earths,  or  metallic 
calces.     Some  of  tbem  refume  their  metallic 

ftate 
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ftate  by  the  mere  contaft  of  light,  or  caloric ; 
others,  without  pafling  entirely  to  that  ftate, 
approach  towards  it;  others  require  the  addi- 
tion of  carbon  ignited  by  fire,  which  attra6ts 
their  oxiding  principle;  and  there  are  fome 
which  feem  to  be  incapable  of  redudiion.  Some 
of  the  oxides  are  fufible  by  fire,  and  afford 
gafes  more  or  lefs  coloured,  tranfparent,  and 
ferve  even  as  fluxes  to  the  earths  ;  others,  on  the 
contrary,  refift  the  moft  violent  heat,  and  evea 
injure  the  tranfparence  of  thofe  glaffes  into 
which  they  enter  as  component  parts.  Some  of 
the  oxides  are  volatile,  but  moft  of  them  are 
fixed.  Some  of  them  exhibit  an  acrid  and 
cauftic  tafte,  a  folubility  differing  in  degree  in 
water,  and  even  an  acid  quality ;  others  have 
no  tafte  or  folubility.  Some  of  the  calces  unite 
with  alkalis  like  acids,  but  the  greater  number 
are  foluble  in  acids,  and  faturate  them  after  the 
manner  of  the  earthy  and  alkaline  bafes.  Some 
of  them  burn  combuftible  bodies  with  flame; 
becaufe  they  contain  oxigen  in  a  ftate  flightly 
condenfed ;  moft  of  them,  on  the  contrary, 
burji  flowly,  and  without  any  appearance  of 
in^ammation. 


Section 
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Section  VIII. 

Concerning   the   Combinations  of  the  Metah 

with  Combt(Jlible  Bodies. 

84.  IN  the  fecond  fe6lion  of  this  work,  men-^ 
tion  has  already  been  made  of  the  union  pf 
metallic  fubftances  with  combuftible  bodies. 
We  fhall  therefore  in  this  place  only  repeat  a 
few  of  the  general  circumftances  relative  to 
thefe  combinations,  in  order  to  render  the  hif- 
tory  of  the  metals  complete;  and  we  fliall  infift 
upon  fome  which  have  not  yet  been  pointed 
out,  or  have  been  too  rapidly  ftated,  or  fucb 
as  were  ftated  only  for  the  purpofe  of  placing 
the  metals  among  the  feries  of  undecompofed 
combuftible  bodies,  and  comparing  them  tq 
thofe  which  had  before  been  treated  of 

85.  We  have  feen  that  the  union  of  azote, 
hidrogen,  diamond,  and  the  metals,  is  not  yet 
known.  It  is  not,  however,  improbable^  that 
thefe  combinations  exift ;  and  that  though  they 
have  not  yet  been  found  in  nature,  nor  produce 
ed  by  art,  this  circumftance  arifes  from  the 
proceffes  of  chemical  analyfes  and  fynthefes 
being  ftill  very  far  from  the  ftate  of  perfection 
neceffary  to  form  or  to  difcover  fuch  com^ 
pounds.  We  know,  however,  that  hidrogen 
gas  is  capable  of  holding  feveral  metallic  fub- 
ftances in  folution,  particularly  arfenic,  zinc, 
aTnd  iron.  It  has  been  difcovered  that  the  dia* 
mond  combines  very  well  with  iron  by  fufion, 

and 
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and  converts  it  into  fteel ;  an  efFeft  which  (hows 
a  ftill  ftronger  refemblance  of  this  corabuftiWc 
with  pure  carbon. 

86.  Though  we  are  yet  acquainted  with  only 
one  combination  of  carbon,  with  a  metal,  we 
cannot  doubt  but  that  there  mud  exift  many 
others,  and  that  mod  metallic  fubftances  are 
capable  of  uniting  with  this  combuftible  fub* 
fiance.  Nature  probably  forms  thefe  combi«- 
nations,  and  the  fingular  properties  prefented 
by  iron  in  its  union  with  carbon,  prove  there 
are  many  difcoveries  ftill  to  be  made  upon  this 
obje6l,  li^^hich  is  of  fo  great  importance  to 
mineralogy,  geology,  and  all  the  arts  relating 
to  the  metals. 

87.  Though  we  are  unacquainted  with  any 
carbonated  metals,  or  metallic  carbonates  ex* 
cepting  that  of  iron,  we  at  leaft  have  known 
for  a  long  time,  that  the  metallic  oxides  uni-i> 
vcrfally  undergo  a  more  or  lefs  evident  decomr 
pofition  by  carbon.  This  body  feizes  the 
oxigen  of  their  oxides,  burns  either  with  flame, 
as  happens  with  the  r^d  oxide  of  mercury  at 
an  elevated  temperature,  or  flowly  without 
flame.  Carbonic  acid  is  difengaged  in  the 
form  of  gas  during  this  procefs  and  the  me- 
tal is  left  in  its  metallic  ftate.  We  can  even 
determine  by  this  decompofition,  the  proportion 
of  oxigen  contained  in  the  oxides  refpeftively, 
from  the  quantity  of  this  acid  obtained,  and 
we  can  proportion  with  confiderable  accuracy 
.the  matters  ncceflary  for  the  complete  redudiou 
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of  a  mixture  of  carbon'  and  metallic  oxide 
to  the  double  ftate  of  metal  and  carbonic  acid 
without  refidue.  The  fuccefs  of  this  laft  refult 
obtained  by  Lavoifier,  fuppofes  that  we  ihould 
be  well  acquainted  with  the  nq.ture  of  the 
oxide,  and  the  quantity  of  the  oxigen  which  it 
contains;  a  portion  of  knowledge  which  is 
acquired  by  a  previous  operation  in  which  we 
form  an  eftimate  of  the  quantity  of  carbonic 
acid  afforded  during  the  reduftion. 

88.  The  compounds  denominated  metallic 
phofphorets  were  formerly  unknown.  Pelle- 
tier  obtained  them  with  great  facility  by  re- 
ducing the  vitreous  phofphoric  acid  mixed  with 
the  metals  and  charcoal,  and  it  is  alfo  obtained 
by  treating  the  metallic  phofphates,  with  char- 
coal and  a  ftrong  heat.  I  have  elfewhere  ob- 
ferved,  that  thefe  compounds  of  which  I  fuf- 
pe6i  the  exiftence  in  nature,  though  no  experi- 
ment has  yet  exhibited  them  to  chemifts  are 
but  very  (lightly  combuftible  in  the  air;  that 
they  are  of  a  granulated  texture  with  a  brilliant 
metallic  afpe6i; ;  that  they  are  brittle,  fuiible, 
and  decompofible  by  ftrong  heat.  J  muft  here 
add  that  moft  of  the  metallic  phofphorets-  are 
decompofable  by  heat. 

89.  The  metallic  fulphurets  prefented  by 
nature  in  fuch  abundance,  and  under  fuch 
multiplied  forms  conftituting  the  moft  com* 
mon  ores,  prefent,  as  their  remarkable  proper-* 
ties,  whether  in  a  natural  or  artificial  ftate,  dc-^ 

com» 
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compofition  by  a  ftrong  heat ;  eafy  fiifibility 
with  regard  to  the  fufible  metals,  and  a  d'ifficulty 
of  fufion  with  regard  to  thofe  metals  which  are 
more  fufible  alone ;  fulphatization  by  the  con- 
tact of  the  air;  analyfis  more  or  lefs  eafy  by 
acids,  which  diffolve  the  metal,  and  feparate 
the  fulphur,  and  folubility  with  the  formation  of 
fulphurated  and  hydro-fulphu rated  oxide  by 
the  alkalis.  We  muft  alio  diftinguifh  the  me- 
tals which  unite  bell  with  fulphur  after  having 
been  oxided,  from  thofe  which  combine  with 
it  without  oxidation  ;  their  coipbinations  with 
hidro-fulphuret,  and  their  diflferent  attraction 
for  fulphur,  which  permits  chemifts  to  decom- 
pofe  fome  of  the  metallic  fulphurets  by  other 
metals ;  as  for  example  the  fulphuret  of  anti- 
mony by  iron,  &c. 

90.  The  metals  in  general  unite   very  well 
with  each  other,  though  there  are   feyeral  re- 
markable  exceptions  in   this   refpeft.      Thefe 
combinations  are   in  general  denominated  al- 
loys.'   Mercury  in   forming  its  alloys  foftens, 
and  even  diffolves  moft  of  the  metals  for  which 
reafon  thefe  alloys  have  received  the  particu- 
lar name   of   amalgams.     Five   or  fix   metals 
may  even  be  united  together,    fo  as   to  form 
complicated  alloys  of  wliich  the  arts  in  fome 
inliances  make  a  great  ufe,  and  which  may  be 
feparated  and  examined  by  the  docimaftic  art 
A  number  of  thefe   metallic   compounds  are 
employed   in    the    common    purpofes   of  life. 
When  '  metals  are   united   together  by  fufion 

they 
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they  never  preferve  the  fame  denfity  and  tex-» 
ture  as  "tefore,  nor  the  intermediate  fpecifiG 
gravity  which  their  proportions  would  afford 
by  calculation.  The  alloys  are  always  either 
more  denfe,  or  more  rare  than  the  fum  of  their 
primitive  denfity  would  (how.  And  they  all 
poffefs  new  properties  as  to  their  fufibility^ 
their  capacity  for  caloric,  their  combuftibility^ 
&c. 


Section  IX. 

Concefning  the  mutual  Action  of  the  Metals,' 
of  IVatery  and  of  the  Oxides. 

91.  THE.  difcovery  of  the  decompofition  of 
water  has  not  yet  been  eonfidered  of  as  great 
importance  as  it  really  is.  It  has  not  been  fo 
highly  efteemed  as  it  deferves  among  the  great 
difcoverers  at  the  end  of  the  century  juft 
expired,  with  regard  to  the  immenfe  advantages 
it  has  afforded  to  the  theory  of  the  knowledge 
of  nature*  The  hiftory  of  the  metals  has  ac^ 
quired  a  multitude  of  explanations  of  pheno* 
mena  which  were  not  before  comprehended, 
and  would  never  have  been  underftood,  but  by 
means  of  this  important  difcovery,  one  of  the 
mofl  beautifuly  and  mofl  furprizing,  for  which 
we  are  indebted  to  modern  chemiftry. 

92.  There 
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92.  There  are  neverthelefs,  very  few  metals 
which  poffefs  the  property  of  dccompofing  wa-» 
ter  alone,  becaiife  hidrogen  in  the  ftate  of  gas 
decompofes  mod  of  the  metallic  oxides,  fome 
Avithout  heat,  and  moft  of  them  by  the  aflif* 
tance  of  caloric,  which  proves  that  this  prin- 
ciple has  a  Itronger  attratlion  for  oxigen  than 
the  metals  in  general  have.  To  this  fa6l  we 
muft  add,  that  it  decompofes  the  oxides  of 
fuch  metals  as  are  even  themfelves  capable  of 
decompofmg  water,  when  they  are  in  a  ftate  of 
oxidation,  more  advanced  than  that  ftate  in 
which  oxigen  feized  from  its  union  with  hi- 
drogen could  carry  them. 

93.  We  muft  diftinguiih  with  refpe6i;  to  the 
aftion  of  metals  on  water,  four  claflTes  of  thefe 
bodies.  Some  decompofe  it  M'ithout  heat, 
and  require  no  affiftance  for  this  purpofe;  a 
fliort  time  only  is  neceffary  for  this  decompofi- 
tion.  Thus  it  is,  that  iron  placed  in  contaft 
with  cold  water,  requires  feveral  days  to  feparate 
the  hidrogen,  and  abforb  the  oxigen  as  mc 
fee  in  the  preparation  of  the  black  oxide  or 
martial  ethiops  of  Lemery,  made  according  to 
the  fii-ft  procefs.  Zinc  alfo  belongs  to  this  clafs, 
as  well  as  manganefe. 

94.  The  fecond  clafs  includes  thofe  metals 
which  not  being  capable  of  immediately  decom- 
pofmg water  in  the  cold,  become  capable  of 
cfFsfting  a  change  by  a  ftrong  heat  at  the  tem- 
perature of  ignition.  It  is  probable,  that  thei*^ 
are  many  more  metals  in  this  condition  than 

has 
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has  been  imagined.  Antimony  and  tin,  in  par- 
ticular are  of  this  order.  We  may  eafily  imagine^ 
that  the  metals  of  the  firft  clafs  acquire  by  an 
elevated  temperature,  the  property  of  decom- 
poiing  water  much  more  ftrongly  and  abund- 
antly than  they  decompofe  it  in  the  cold. 

95.  To  the  third  clafs,  I  refer  thofe  metals, 
which  being  incapable  of  decompofing  water, 
either  at  a  common  or  an  elevated  temperature, 
while  they  afcl  alone  upon  this  oxide  of  hidro- 
gen,  acquire  this  property  by  a  predifpofing  ac- 
tion, which  the  acids,  and  in  fome  inftances,  the 
alkalis  exhibit  by  their  tendency  to  unite  with 
the  metallic  oxides.  This  property  is  found  in 
copper,  lead,  bifmuth,  &c.  The  metals  of  the 
two  former  claffes,  when  treated  like  thofe  of 
this  third  clafs,  aft  with  ftill  more  energy  in  the 
decompofition  of  water. 

96.  In  the  fourth  clafs,  I  arrange  thofe  me- 
tals which  have  not,  either  by  fimple  attraction 
or  by  predifpofing  attraftion,  or  any  union 
whatever  of  attraftive  forces,  the  property  of 
decompofmg  water;  and  which,  confequently 
never  afford  hidrogen  gas  in  any  circumflances 
whatever  of  chemical  combination.  Mercury, 
lilver,  gold,  and  platina  are  the  only  metals  of 
this  clafs,  and  it  is  eafy  to  obferve,  that  tliis 
property  agrees  with  the  other  circumflances ; 
which  are  flight  attraftion  for  oxigen,  and  the 
facility  with  which  this  principle  is  feparable 
from  them. 

97.  This 
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97.  This  a6lion  of  the  metals  upon  water 
being  once  accurately  determined,  it  becomes 
no  longer  difficult  to  account  for  the  pheno- 
mena they  prefent  with  the  acids, — the  ftrong 
efFervefcence,  and  the  abundant  difengagement 
of  hidrogen  gas  which  accompanies  their  folu- 
tionSy  the  reduction  of  moft  of  their  oxides  by 
hidrogen  gas ;  and  many  other  circumftances 
which  were  unintelligible,  and  incapable  of  ex- 
planation in  all  the  periods  of  chcmiftry,  that 
preceded  the  difcoveries  of  the  nature  of  water.  - 

98,  With  regard  to  the  oxides  it  does  not 
appear,  that  there  are  any  others  of  which  the  ac- 
tion on  the  metals  in  general  requires  to  be 
determined,  different  from  the  actions  of  the 
metals  themfelves,  fince  nothing  has  yet  been 
feen  or  determined  relative  to  the  efFe6l  of  the 
oxides  of  azote,  of  pliofphorus,  and  of  ful- 
phur  upon  metallic  fubftances.  There  are  three 
general  circumftances  to  be  attended  to  between 
the  metals  and  their  oxides.  The  firft  relates 
to  the  re-a6tion  of  thpfe  bodies  on  their  proper 
oxides,  in  certain  cafes.  Though  it  has  been 
affirmed,  that  an  oxid^  never  unites  with  its 
owu  proper  metal,  and  this  obfervation  is  in 
general  true,  it  is  very  remarkable,  that  if  tlie 
metal  be  heated  with  its  oxido  in  the  utmoft 
flate  of  oxidation,  it  frequently  happens,  in- 
deed, moft  frequently,  that  the  metal  affumes 
from  its  oxide,  that  portion  of  oxigen  which 
adheres  the  leaft,  or  v/hich  was  laft  added,  and 
by  that  means  partly  dif-oxides  it,   and  forms 
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Avith  it  a  kind  of  equilibrium  of  oxidation. 
Thus  it  is,  .that  the  red  oxide  of  iron,  heated 
with  filings  of  the  fame  metal,  caufes  both  the 
filings  and  itfelf  to  pafs  to  the  flate  of  black 
oxide.  The  fecond  circumftance  depends  upon 
the  ftronger  attraftion  6f  the  metal  for  oxigen, 
than  that  which  the  oxide  exerts  upon  the 
fame  principle.  In  this  cafe,  the  latter  is  dJC* 
cxided,  the  metal  itfelf  becomes  oxided,  and 
fometitnes  even  with  flame,  or  more  or  lefs  of 
light.  Laftly,  in  the  third  circumftance,  the 
metal  added  to  an  oxide,  having  lefs  attradion 
for  oxigen  than  the  oxided  metal  has  no 
change  whatever  is  found  to  take  place  between 
the  two  bodies* 


Section  X^ 

Concerning  the  General  Action  of  the  Acids 

upon  the  Metals^  and  the  Metals 

lipon  the  Acids. 

99*  SINCE' chemifts  have  treated  of  metalst 
more  particularly  with  the  acids,  becaufe  thefe 
agents  have  always  appeared  to  them  to  be 
moft  capable  of  producing  changes  and  charac- 
teriftit  alterations  in  them :  fmce  the  combina- 
tions, they  are  capable  of  forming  with  thefe 
bodies,  have  been  the  obje6l  of  numerous  re- 
fearches  ;  and  this  part  of  metallic  chemiftry  is 
moft  abundant  with  fafts,  as  will  more  particularly 

appear 


appear  in  the  hiftory  of  the  metals  individually 
taken.  On  the  prefent  occafion,  we  fliall  fpeak 
only  of  the  general  ftate  of  mutual  phenomena 
exhibited  by  thefe  bodies;  and  confequently, 
we  ihall  not  here  examine  this  adion  as  far  as  it 
refpe6b  each  particular  acid. 

100.  In  the  firft  place,  we  muft  in  general  ob- 
ferve,  that  no  union  takes  place  between  the 
metals  and  the  acids,  unlefs  thefe  bodies  be 
more  or  lefs  oxided.  Accordingly,  the  metallic 
oxides  which  are  foluble  in  acids,  diflblvc 
gently,  and  without  effervefbence ;  though  the 
metals  themfelVes  are  not  foluble  without  com-? 
motion  and  eifervefcence.  This  laft  effeft  arifes 
from  the  attraQ;ioii  of  the  metals  for  oxigcn, 
being  fuddenly  increafed  by  the  contacl  of  the 
acids,  and  caufes  a  difengagement  of  feme  other 
principle  which  takes  the  form  of  gas.  This 
principle  is  afforded  either  by  the  acids  thcm- 
felves,  or  by  the  water.  In  the  firft  cafe  it  may 
differ,  according  to  the  nature  and  ftate  of  the 
acid :  in  the  fecond,  it  is  always  hidrogen  gas, 
difengaged  with  more  or  lefs  of  alteration. 
Sometimes  the  two  bodies,  that  is  to  fav,  the 
acid  and  the  water,  are  at  the  fame  time  decom- 
pofed  by  the  metal,  and  then  there  is  a  difen- 
gagement, either  of  two  gafes  mixed  together, 
or  otherwife  the  two  principles  of  thefe  gafes 
unite,  and  afford  a  new  compound. 

101.  The  metallic  oxides  cannot  unite  or  re- 
main united  with  the  acids,  unlclb  they  feverally 
contain  certain  determinate  quantities  of  dxi- 
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gen.  Short  of  thofe  proportions,  no  union  of 
thefe  preparations  takes  place^  and  beyond  them^ 
they  fall  down  in  the  form  of  precipitate.  Each 
Qxide,  in  particular,  cannot  even  remain  com- 
bined Av'ith  an  acid,  excepting  under  limits  of 
oxidation,  which  are,  frequently,  very  precife. 
For  this  reafon  it  is,  that  when  metallic  folu- 
tions  are  expofed  to  the  air,  or  placed  in  contact 
with  bodies  capable  of  affording  oxigen,  they 
become  turbid  and  precipitate  in  proportion  as 
they  abforb  a  greater  quantity  of  that  principle 
than  they  containAl  before^  It  frequently  hapr 
pens^  even  alone  and  in  well-clofed  vefTels,  that 
the  oxides  thus  fufpended,  re-a6l  upon  theif 
acids  by  eleration  of  temperature,  and  the  folu- 
tion  becomes  turbid,  and  is  decorjipofed  by  this 
Spontaneous  fuper-oxidation, 

102.  ThofQ  metals  which  have  the  ftrpngeft 
tendency  to  become  oxided  by  the  a6tiou  of  the 
acids,  cannot  remain  united  with  tliem,  nor 
fonn  permanent  folutions.  This  phenomenon 
is  particularly  obfervable  in  the  acidifiable 
metal)^  or  in  thofe  of  which  the  oxides  are  ca- 
pable of  uniting  with  the  alkali.%  and  thofe 
metals  alfo,  which  are  more  oxidable  than  folu- 
ble  in  acids,  feparate  in  the  form  of  oxides  at 
the  bottom>  their  pretended  folutions,  .and 
remain  in  a  very  finall  quantity,  and  for  a  very 
ihort  time  diflblved  in  the  acids. 

103.  Metallic  falts,  cannot,  therefore,  exift 
but  in  the  cafe  where  the  oxides  are  capable  of 
remaining  united,  with  the  acids,  and  have  no 

ten* 
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tendency  to  feparate.     They  are  not  pennanent 
excepting  under  thofe  circumAances,  wlierein, 
their  attraSion  for  oxigen  is  not  increafed,  or 
when  that  principle  is  not  prefented  to  them. 
.  The  raetaUic  falts  have  always  an  excefs  of  acid, 
and  are  befides  for  the  moft  part  acrid,  corrofive, 
and  poifonous.     In  order  to  underftand  their 
propertiies,  it  is  neceffary,  that  we  ihould  exa- 
mine, a.  Their  form.     b.  Their  tafte.     c.  Their 
alterktion  by  light,     d.  Fufioo,  drying,  vola- 
tilization, or  decompofition  by  caloric     e.  De- 
liqnefc^ce,  efflorefcence,  or  degree  of  deconi- 
l  by  the  air.    J".  Solubility  in  water,  hot 
'■>or  their  alteration  which  is  frequently 
ible  by  this  liquid,    g.  Decompofition/ 
Icalis  and  earths,  the  nature  and  pre 
»f  the  oxides  which  thefe  bafes  prcci-W\if 
lb  formation  of  triple  falts  which  fo 
y  talfes  place  in  this  decompofition. 
^Iteration  of  the  fame  oxides  at  the 
of 'their  precipitation,  either  by  the 
Mit  itfelf,  or  by  the  air  or  by  water. 
i.  At'teiation  by  the  various  acids,  their  de- 
compofition, or  indecompofition,  the  effects  of 
the  attraftion  of  the  acids   for  the  metallic 
oxides,  and   the   changes  thefe  lait   undergo. 
k.    Aftion  of  the  earthy  and  alkaline   falts, 
whether  it  confift  in  a  fimple  union,  in  a  triple 
fait,  or  prefent  a  fmgle,  double,  neceffary,  or 
fuperfluous  decompofition,     /.  Mutual   action 
of  the  metallic  falts  on  each  other,   which  is 
confined  to  the  union  of  a  fur-compound,  the 
doubly 
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double  changes  of  the  baies,  and  of  the  acids, 
or  the  difplacement  of  oxigen,  which  precipi- 
tates with  the  oxides  at  once,  m,  Laftly,  the  al- 
terations which  combuftible  bodies,  whether  with 
or  without  heat,  frequently  produce,  n.  Dif-^ 
oxidation  by  heated  carbon,  thofe  operated  by 
the  phofphorus,  and  the  metals  without  heat ; 
the  precipitations  by  the  fulphurets  and  hidro- 
fulphurets.  After  this  examination,  the  hiftory 
of  a  metallic  fait  is  as  complete  as  it  can  be. 

104.  The  various  metallic  oxides  not  only 
poffefs  different  degrees  of  attraftion  for  the 
acids,  and  confequently,  muft  on  that  account 
influence  the  combinations  they  are  fufceptible 
of  forming  with  thofe  bodies ;  but  the  metals 
themfelves,  by  the  force  of  their  attraclions 
for  oxigen,  alfo  produce  very  remarkable  effefts. 
Accordingly  feveral  metals  are  capable  of  depriv- 
ing others  of  oxigen  when  they  are  plunged  in 
a  folution  of  thefe  lafl  in  acids ;  caufmg  them  to 
re-appear  under  their  metallic  form,  as  is  the 
cafe  with  mercury,  which  reduces  filver,  cop- 
per mercury,  and  iron  copper.  Sometimes, 
the  metals  deprive  the  oxides  of  only  a  portion 
of  their  oxigen,  fo  that  they  are  not  precipitated 
in  the  metallic  flate,  but  merely  in  a  ftate  of 
lefs  oxidation ;  thus  it  is,  that  tin  precipitates 
gold  in  the  form  of  a  purple  oxide,  and  not  in 
its  brilliant  metallic  ftate.  This  phenomenon 
is  of  the.  greateft  importance  in  a  number  of 
technical  operations, 

105.  After 
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105.  After  having  ihown  the  moft  general 
fa^ls  relative  to  the  mutual  a6lioa  of  acids  and 
the  metals ;  we  muft  now  obferve  the  manner 
in  which  each  acid  exerts  itfelf  with  regard  ta 
thefe  combuflible  bodies,  by  coufidering  in  this 
place,  the  acids  under  the  double  relation  of 
their  peculiar  natures,  their  compofition,  whe* 
ther  known  or  unknown,  and  their  energy  or 
general  attradion  for  all  the  bafes  with  which 
they  are  capable  of  uniting;  that  is  to  fay, 
by  difpofmg  them  in  the  following  order,  the 
acids,  fulphuric,  fulphureous,  nitric,  nitrous, 
phofphoric,  phofphoreous,  carbonic,  muriatic, 
oxigenated  muriatic,  fluoric,  and  boracic.  We 
do  not  here  fpeak  of  the  metallic  acids,  becaufe 
they  are  not  yet  fufficiently  known,  and  their 
hiftory  at  large  will  follow  fpeedjly  after  this 
girticle, 

106.  The  concentrated  fulphuric  acid  is  not 
decompofable  by  the  greater  number  of  metals, 
unlefs  the  temperature  be  elevated.  When  this 
is  the  cafe,  fulphureous  acid  gas  is  difengaged, 
and  oxides  or  metallic  fulphates  are  formed 
according  to  the  refpedive  quantities  of  the 
acid  and  metals.  If  the  fulphuric  acid  be 
diluted  with  water,  it  favours  the  decompofi- 
tion  of  this  laft  fluid  by  the  metals ;  hidro- 
gen  is  abundantly  difengaged  j  the  metals  in 
proportion  as  they  become  oxided  unite. with 
the  acid,  and  form  fulphates  in  greater  abun- 
dance than  under  the  preceding  circumftances^ 
Jhe  fujphureous  acjd  afts  in  a  different  man-. 

X\QT 
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ner  upon  different  metals.  It  diffolves  fome 
by  producing  a  decompofilion  of  water  and  dif- 
cngaging  hidrogen  gas ;  frequently  it  is  itfelf 
decompofed,  yielding  its  oxigen  to  the  metals, 
fuffcring  its  fulphur  to  precipitate,  which  unites 
to  the  fulphites,  and  caufes  them  to  pafs  to  the 
Hate  of  fulphurated  metallic  fulphites.  Upon 
fome  of  the  metals  it  has  no  a6lion.  As  thofe 
metals  which  it  diffolves  by  its  own  decom- 
pofition  do  not  eflfibryefce  during  their  folution, 
it  may  be  ufed  with  advantage  in  the  ahalylis 
of  alloys,  carbonated  metals,  &c. 

107.  Concentrated  nitric  acid  is  frequently 
without  any  aftion  whatever  upon  the  metals 
becaufe  its  denfity  is  too  great.  .  When  it  is 
diluted  with  a  fmall  quantity  of  water  the 
adion  commences ;  nitrous  gas  is  difengaged  ; 
and  fometimes  the  decompofition  is  fo  ftrong 
and  aftive,  that  azote  gas  is  feparated.  There 
are  cafes,  in  which  the  water  b^ing  decompofed  at 
the  fame  time  on  account  of  the  large  quantity 
of  oxigen  abforbed  by  the  metal,  affords  ammo- 
nia by  the  union  of  its  hidrogen  with  the 
azote  of  the  acid,  which  is  perceptible  to  the 
fenfes,  particularly  when  lime  is  added.  In 
this  cafe  the  metal  remains  at  the  bottom  of 
the  veffel  in  the  form  of  o;Kide.  When  nitrous 
gas  only  is  flowly  difengaged  the  oxided  metal 
remains  in  folution,  and  a  metallic  nitrate  is 
formed,  which  cryftallizes  by  cooling  or  by 
evaporation.  Of  all  the  acids,  this  burns  the 
metals  the  moft  fpeedily  and  completely,  fome- 
times 
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times  even  with  flame,  and  in  thefe  infiances 
the  nitrates  of  leaft  permanency  are  formed.  Frc* 
quently  alfo  it  ads  upon  oxides  flightly  oxided, 
gives  them  a  new  portion  of  oxigen,  and 
caufes  them  to  pafs  to  the  (late  of  acidity 
when  they  are  fufceptible  of  it.  The  nitrous 
acid  does  not  perceptibly  differ  from  the  ni« 
trie  in  its  a6Hon  upon  the  metals. 

108.  The  phofphoric  and  phofphoreous  acids^ 
ad;  but  weakly  upon  the  metals  on  account  of 
the  (Irong  .adherence  of  their  principles,  and 
their  denfity.  Neverthelefs,  when  they  are 
very  ftrohgly  heated  phofphorated  hidrogen 
gas  is  difengaged  towards  the  end.  There 
are  fome  among  the  moil  oxidable  metals  upon 
which  the  phofphoric  acid  ads  the  moft  effec- 
tually, and  renders  them  capable  of  decom- 
pofmg  water  more  fpeedily  than  they  could 
have  done  alone.  lu  both  cafes  phofphates  are 
formed,  and  fometimes  phofphites,  which  laft 
falts  are  yet  very  little  known.  The  metallic 
phofphates  are  ufually  weighty;  fparingly  fo* 
luble,  or  foluble  merely  in  their  proper  acid, 
poffels  little  or  no  tafte,  and  are  decompofable  by 
many  acids,  as  well  as  by  ignited  charcoal  which 
changes  them  into  metallic  phofphorets.  When 
the  vitreous  phofphoric  acid  is  ftrongly  heated 
with  the  metals,  thefe  fubftances  by  feizing  a 
portion  of  its  oxigen,  form,  at  the  fame  time, 
two  combinations  namely,  metallic  phofphates 
and  phoiphorets. 

1Q9*  Carbonic 
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.  109.  Carbonic  acid,  has  a  ft  ill  more  fecWo 
aftjon  on  metallic  fubftances,  tlian  all  the  fore- 
going acids.  It  does  not  very  perceptibly  2t6ty 
l)ut  upon  zinc  and  iron,  by  keeping  them  dif- 
folved  in  water.  The  water  is  (lightly  decom-. 
pofed,  a  fmall  quantity  of  hidrogen  gas  is  formed, 
more  diftinguiihable  '  by  its  fmell  than  by  its 
difengagement,  which  never  proceeds  fo  far  as  to 
effervefce.  The  metallic  carbonates  are  foluble 
in  an  excefs  of  carbonic  acid,  and  feparate  from 
the  water  when  the  acid  is  diflipated.  Some  of 
^hefe  are  very  abundantly  found  in  nature.  The 
carbonic  acid,  united  with  the  earths,  and  in 
the  ftate  of  carbonate,  is  fometimes  capable  of 
being  decompofed  by  the  metals,  with  the 
affiftanc^  of  a  red  heat.  Thus  it  is,  that  by 
heating  the  carbonate  of  lime  with  iron,  and 
}n  fact,  by  adding  the  attra6lion  of  filex  or  fand 
for  the  lime,  and  of  oxide  of  iron,  with  which 
this  fufib^^  earth  tends  to  become  vitrified. 
Citizen  Clouet  obtained;  fteel,  formed  by  the 
union  of  iron,  with  the  carbon  feparated  from 
^he  carbonic  acid,  Ji  fimilar  effeft,  will,  no 
doubt,  be  hereafter  obferyed,  with  regard  tq 
feveral  other  metals.  . 

1 10.  The  muriatic  acid  does  not  diffolve  the 
pietals,  ynlefs  they  be. capable  of  decompofing 
w^ater,  by  thp  affiftance  of  its  difpoiing  attrac- 
tion ;  in  that  c^afe,  hidrogen  gas  is  difengaged, 
and  it  is  obfervabje,  that  the  gas  is  fmgularly 
and  permanently  fetid?  The  metals  which 
never  decompofe  water,  are  nqt  attacked  by  this 

acid ; 
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jicid ;  but  their  oxides  eafily  unite  with  it,  par- 
ticularly, becaufe  M^hen  too  much  oxided  to 
diffolve  in  the  other  acids,  they,  at  firft,  yield  to 
this  acid,^  the  excefs  of  their  oxigen.  On  this 
account  it  is,  that  the  muriatic  acid  diflblvcs 
all  the  oxides,  detaches  them  from  the  furfacc 
ofveffcls,  and  fo  frequently  takes  them  from 
the  other  acids,  particularly  the  nitric,  The 
metallic  muriates  are  either  fixed  or  fufibje,  or 
volatile,  and  acidifiable. 

111.  Oxigenated  muriatic  acid  oxides  the 
metals,  without  producing  commotion  or  effer^ 
vefcence,  becaufe  the  oxigen  here  afts  only 
upon  the  combuftible  bodies.  It  eafily  a6ts 
upon  thofe  metals  which  the  ordinary  muriatic 
acid  does  not  alter,  particularly  gold  and  pla- 
tina,  and  in  this  manner,  it  forms  fimple  muri- 
ates. When  it  is  added  to  the  metallic  falts, 
it  almoft  conftantly  decompofes  them,  and  pre- 
cipitates the  oxides  fuper-oxigenated.  When 
itfelf  united  with  the  oxides,  it  forms  oxigenated 
muriates  very  different  from  the  fimple  muriates, 
which  have  yet  been  little  examined,  though, 
we  are  already  acquainted  with  feme  very  re- 
markable compounds  of  this  nature,  as  we  (hall 
obferve  in  the  following  articles. 

|The  oxigenated  muriatic  acid  gas  inflames 
and  immediately  burns  moft  of  the  brittle  nietals 
thrown  into  it  in  powder.  It  acidifies  thofe 
which  are  capable  of  that  procefs. 

112.     The  fluoric  acid  a6ls  upon  the  metals 
nearly  in  the  fame  manner  as  the  muriatic,  ex- 
cept 
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ccpt  that  it  does  not  take  the  oxigen  frotit  their 
oxides  like  the  latter. 

The  acid  of  borax  has  very  little  adion  upon 
thefc'  bodies,  and  cannot  be  united  with  their 
oxides,  except  by  double  attra6lion,  or  by  de* 
-compofing  other  metallic  fdlutions  by  folutions 
of  the  alkaline  borates. 


Section  IL 

Concerning  the  Mutual  ABmi  of  the  Metals 

and  the  Salifiable  Bafes. 

113.  THERE  is  no  more  real  union  between 
the  earthy  or  alkaline  bafes  and  the  metals, 
than  exifts  on  the  part  of  the  acids,  but  thefe 
bodies  exercife  an  action  with  regard  to  the 
metals,  which,  though  not  fo  powerful  as  that 
of  the  acids,  yet  it  poffeffes  a  peculiar  degree  of 
energy,  and  is  of  fome  importance  to  be  con* 
fidered.  Thus,  metals  which  are  acidifiable, 
and  thofe  of  which  the  oxides  tend  to  combine 
with  the  earths  and  the  alkalis,  are  eafily  and 
fpeedily  oxided  when  put  into  conta6l  with 
thefe  bafes,  together  with  a  certain  quantity 
o^  water.  In  that  cafe,  the  water  yields  its 
oxigen  to  the  mrtals,  burns  them,  and  they  luiite 
with  the  bafes,  which,  in  that  cafe,  aft  by  dif- 
pofing  attraftion. 

114.  Hence,  it  arifes,  that  hidrogen  gas  is 
fo  frequently  difengaged  when  the  metals  are 

treated 
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treated  with  alkaline  folutions,  particularly 
'  ammonia.  We  afterwards,  obfcrve  the  metals 
pafe  to  the  ftate  of  oxides,  and  frequently  unite 
with  the  alkalis  in  fuch  a  manner  as  to  form 
fpecies  of  falts;  in  which,  they  perform  the 
part  of  acids« 

115.  It  is  frequently  obferved,  that  alkaline 
folutions  diifolve  the  metallic  oxides,  and  form 
with  them  compounds  more  or  lefs  permanent ; 
fometimes,  tliefe  alkalis  have  the  property  of 
difoxiding  in  part  the  oxides  before  diflblved 
or  united  with  them.  This  is  the  reafon  why, 
>Fhen  added  to  the  metallic  folutions,  they 
change  the  colour  of  the  precipitates,  whicli, 
they  afterwards  re-difTolve,  and  may  be  fepa- 
rated  by  a  new  addition  of  acid. 

\\6.  Ammonia  has  much  greater  power  to 
decompofe  the  oxides,  •  while  itfelf  is  decom- 
pofed  ;  and  I  have  elfewhere  obferved,  tliat  this 
is  one  of  the  methods  Citizen  Berthollet  ufed  to 
analyze  ammonia,  by  feparating  its  hidrogen 
by  the  oxigen  of  the  oxides,  and  fetting  its 
azote  at  liberty.  Sometimes,  as  I  have  difco- 
vered,  the  great  quantity  of  oxigen  contained  in 
certain  oxides,  and  the  facility  it  has  of  fepa- 
rating and  uniting  in  part  with  the  oxide  of 
amnxpniaYorms  nitric  acid,  while  the  other  por- 
tion of  oxigen  combined  with  the  ammonia- 
cal  hidrogen  forms  water.  This  very  remarkable 
cafe  operated  by  the  moft  decompofable  oxides, 
is  abfolutely  the  inverfe  of  that  in  which  a  very 
oxidable  metal,  by   decompoiing  at  the  fame 

4  time 
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time  the  nitric  acid  and  water,  by  abfbrbinjf 
all  their  oxigen,  unites  the  combuftible  radicals, 
acid,  and  hidrogen  in  fuch  a  manner,  that  the 
produd  forms  ammonia. 

117.  This  property  of  reducing  the  oxides, 
fo  eminently  perceptible  in  ammonia,  and  fen- 
fible  alfo  in  pot-aih  and  foda,  may  ferve  here- 
after to  Ihow  the  conftituent  principles  of  fixed 
alkalisi  as  it  has  ferved  to  develop  thofe  of  the 
volatile  alkalis  ^Eut  the  experiment;^  which 
have  hitherto  been  attempted  in  this  refearch, 
and  therefults  they  have  afforded,  have  not  yet 
latisfied  chemifts,  becaufe  they  have  not  been 
made  with  the  accuracy  they  deferve  to  pofTefs^ 
Phtlofophers  have  been  too  ready  in  drawing 
inductions  concerning  the  compofition  of  the 
fixed  alkalis. 

118.  The  difoxiding  property  is  found  in  the 
rery  fapid  alkaline  earths,  baritcs,  ftrontian, 
and  lime;  when  thefe  earths  are  ufed  to  de- 
compofe  the  acid  metallic  falts,  precipitates 
of  metallic  oxide  are  obtained,  and  afliime  a 
colour,  which  fliows  the  commencing  difoxida* 
tion  and  approach  towards  the  metallic  ftate. 
To  this  a6lion  is  owing  the  preparation  of  the 
calcareous  oxide  of  copper,  known  by  the  name 
of  verditer,  of  which  we  fhall  fpeak  under 
the  article  Copper. 

1 19.  It  is  not  improbable  that  it  may  be  owing 
to  a  fimilar  a6lion,  that  an  extreme  fohdity, 
and  intimate  adherence  of  particles,  takes 
place    in  earths  which  are  mixed   with  cer» 

tain 
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tain  metallic  oxides  in  the  formation  of  ce- 
ments and  durable  mortars,  impenetrable  to 
water;  which  are  obtained  in  many  opera- 
tions, and  of  which  the  theory  has  not  yet 
employed  the  attention  of  chemifts,  though  it 
is  fo  highly  and  immediately  of  confequfencc  in 
a  multitude  of  important  arts, 

ISO,  Though  the  fafts  and  obfervations 
liitherto  xelatcd,  fliow  that  the  earthy  and  alka- 
line bafes  have  more  attraftion  for  the  acids 
than  the  metallic  oxides  have,  we  muft,  never- 
thelefs,  obferve  in  this  place,  that  fevcral  of 
thefe  bafes  have  the  property  of  uniting  at  the 
fame  time  to  the  oxides  and  the  acids  without 
feparating  them,  and  form  by  this  union  tri- 
ple falts,  of  which  the  number  is  much  more 
conliderable  than  has  been  fuppofed,  as  we  fliall 
fee  in  the  hiftory  of  the  various  metals.  Am- 
monia and  alumine  are  of  all  the  acidifiable 
bafes,  thofe  vrhich  the  moft  readily  exhibit 
thefe  fpecies  of  fur-compounds  yet  little  known. 

121.  Laftly,  the  alkaline  bafes  and  alkaline 
earths  may  alfo  unite  with  the  metallic  oxides 
at  the  fame  time  with  the  combuftible  bodies, 
to  which  they  have  a  confiderable  attra<5iion. 
In  this  manner  the  alkaline  and  metallic  hidro- 
fulphurets  are  formed,  by  diffolving  the  oxides 
in  alkaline  or  earthy  liquid  fulphurets.  We 
fhall  fee  that  this  efFe6l  is  alfo  produced  by  pre- 
cipitating moft  of  the  metallic  .acid  .folutions 
by  alkaline  fulphurets,  aud  that  when  various 
metallic  fulphurets  are  treated  by  the  alkalis, 

fiiPiilar 
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£milar  combinations  are  alfo  formed/  among^ 
which  the  antimonial  fulphurets  hold^  as  We 
fiiallv  hereafter  ihow,  the  firft  rank. 


Section  XIL 

Concerning  the  Mutual  AHion  of  (he  Metals 

and  the  Salts. 

.  122.  THE  falts  which  were  formerly  deno- 
xntnated  middle,  or  neutral  falts,  have  been, 
and  ftill  are,  frequently  ufed,  "as  very  powerful 
agents  to  occafion  changes  in  the  metals;  in 
general  their  afilion  takes  place  very  weakly  and 
flowly  in  a  cold  temperature ;  but  heat  increafes 
this  a6lion  in  various  degrees*  We  may  eafily 
underftand>  from  the  tranfpofition  of  oxigen 
among  the  metals,  that  this  a6lion  cannot  take 
place  but  with  falts  of  which  the  acids  are  de- 
compofable,  and  that  their  refult  muft'be  on 
the  one  part  the  oxidation  of  the  metals,  and  on 
the  other  the  union  of  the  metallic  oxides  with 
the  bafe  of  the  fait.  By  enumerating  the  faline 
genera  I  ihall  lliow  in  what  this  adion  confifts, 
and  take  notice  of  the  adion  which  the  metal- 
ilic  oxides  fometimes  exert  upon  thefe  com- 
pounds* 

123.  The  fulphates,  ftrongly  heated  with  va- 
rious metals,  particularly  thofe  which  decom- 
pofc  water,  and  even  the  fulphuric  acid  aloi^e, 
by  the  affiftanct  of  heat,  pafs  to  the  ftate  of 
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fulphurets,  which  unite  to  the  metallic  oxides 
formed  by  this  d^compofition ;  antimony,  zinc, 
iron,  and  tin  particularly  poffefs  this  property* 
The  attra6lion  of  their  oxides  fot  the  alkaline 
fulphurets,  and  the  hidro-fulphuret  is  very 
efFe6lual  in  the  caufe  of  this  phenomenon.  The 
oxides  of  thefe  metals  have  no  a6lion  on  the  ful* 
phates.  The  fulphites  act  much  lefs,  though  in 
a  fmiilar  mailiier  upon  the  metals* 

124.  The  nitrates  proje6led  into  ignited 
veffelSj  after  firft  mixing  them  M'ith  fine  filings 
of  metal,  take  fire  with  moi'e  or  lefs  brilliancy 
with  moft  of  the  metals,  frequently  with  a  fmall 
fcintillati6n;but  fometimes  with  a  brilliant  flame 
on  account  of  the  fixation  of  oxigen,  which 
becomes  more  deiife.  In  this  manner,  metallic 
oxides,  at  the  maximum  of  oxidation  are  formed, 
which  often  unite  with  the  bafes  of  the  nitrates. 
Thofeof  the  metals  which  are  acidifiable,  pafs 
by  this  treatment  to  the  ftate  of  acids,  and  com- 
bine into  falts  with  the  falifiable  bafes  of  tlie 
nitrates^  Silver  and  gold  alone  refill  this  vio- 
lent a6lion  of  nitre,  which  is  fiequently  ufed 
to  prepare  very  perfeft  oxides  with  great  fpeed. 
It  may  eafily  be  conceived,  that  the  metallic 
oxides  ijndergo  no  change  on  the  part  of  the 
nitrates  when  they  are  faturated  with  oxigen, 
the  nitrites  are  nearly  without  energy  on  the 
metals,  in  comparifon  with  the  nitrates. 

125.  The  muriates  afl:  but  very  weakly  on  the 
metfils,  and  are  themfelves  but  flightly  altered, 
neverthelefs,  the  muriate  of  ammonia  is  eafily 
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deeompoffed  by  all  the  metals,  which  are  vefjr 
faluble  in  the  muriatic  acid,  as  well  as  by  the 
metallic  oxides,  which  difeiigage  the  ammonia 
ftill  more  rapidly.  The  alkaline  muriates  ap- 
pear alfo  to  be,  at  leaft,  in  part  decompofable  by 
moft  of  thefe  oxides ;  a  circumftance,  which  may 
hereafter  become  of  the  greateft  importance  foi^ 
the  arts,  and  is  already  of  high  value  with  re- 
gard to  lead  and  filver,  as  will  be  more  amply 
fliown  in  the  article  of  thefe  metals. 

1  £6.  The  fuper-oxigenated  muriates  are  the 
moft  aftive  falts  with  regard  to  the  metals.  We 
have  elfewhere  obferved,  that  they  bum  with 
the  rapidity  and  brilliancy  of  lightning,  when 
iftruck  upon  the  anvil,  after  having  mixed  them 
with  two  or  three  times  their  weight  of  fuper- 
4>xigenated  muriate  of  pot-afh,  A  fimilar  mix- 
ture being  heated,  takes  fire  and  detonates  with 
a  brilliancy  of  light  and  fpeed  much  fuperior  to 
what  is  feen  with  the  nitrates.  By  this  procefs, 
very  pure  oxides  are  obtained ;  for  the  muriate  of 
pot-afh  may  be  very  eafily  and  completely  fe- 
parated  by  wafhing  in  water. 

127.  The  phofphates  and  the  phofphites  undergo 
no  alteration  on  the  part  of  metals  at  any  tem- 
perature whatever;  and  this  confequence  is  in 
fa6l  indicated  by  the  common  laws  of  attrac- 
tions. The  fame  obfervation  is  alfo  applicable 
to  the  muriates,  the  borates,  and  the  carbonates. 
Accordingly,  thefe  three  laft  genera  of  falts  can  - 
never  be  ufed  to  afcertain  the  properties  of  the 
metals. 

'    128.  Though 
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)S8.  Though  metallic  oxides  have  in  general 
lels  attra6iiQn  fot  the  acids,  than  the  alkaline 
and  earthy  bafcs  have,  we,  neverthelefs,  fome« 
times  obferve,  thai  thefe  oxides  when  heated 
with  faiine  folutions  are  diffolved,  become 
coloured,  and  combine  fo  well  with  the  falts, 
that  the  cryftals  afterwards  obtained  by  evapora*- 
tion  and  cooling,  are  manifeftly  charged  with 
metal. .  Such,  particularly,  are  the  folutions  of 
aluminous  falts  which  appear  to  unite  veiy 
eafily  with  the  metallic  oxides,  and  afterwards 
to  afford  cryftals,  in  which  true  triple  falts  are 
formed.  Thefe  cafes  are  much  lefs  rare  than  ha^ 
hitherto  been  thought,  and  they  will  be  more 
frequently  obferved  in  proportion  as  chemical 
refearches  ihali  be  extended  with  regard  to  fa- 
line  matters. 


Article  IL 
Concerning  Arfenic  and  its  Acid. 

Section  I. 


f     •  •« 


Concerning  Metallic  Arfenic. 

A.  Hiftory. 

L  FROM  the  earlieft  period  in  which  man- 
kind worked  the  metallic  ores,  they  muft  have 
afcertained  the  volatility,  the  odour,  and  the 
noxiottd  effe^  of  this  fubftance.    Neverthelefs, 
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arfenic  has  remained  unknown  as  a  metal,  and 
ivas  not  placed  among  the  ftmi-metals  or  brittle 
metallic  bodies  till  the  expiration  of  about  one- 
third  part  of  the  18th  century :  notwithftand- 
ing,  Paracelfus  had  announced,  that  it  might 
be  obtained  white  in  the  metallic  form.  Schro- 
der^  in  I64p,  mentioned  a  metal  extrafted  from 
Diriment  and  arfenic ;  for  we  muft  here  take  no- 
tice, that  the  denominatiof^  of  arfenic  was  long 
given  to  the  oxide  of  arfenic.  Lemery  in  1675 
alfo  defcribed  a  procefs,  which  is  at  prefent  ufed 
with  fuccefs  in  the  mixture  of  fixed  alkali  and 
foap  with  thiis  oxide,  to  obtain  what  is  called  the 
regulus.  The  ancients  were  acquainted  with 
its  oxide,  its  yellow  and  red  fulphuret  under 
the  name  of  arfenic ;  Sandarach  and  Orpimcnt. 
Theophraftus  placed  them  among  the  metallic 
ftones.  Mineralogifts  w^ere,  for  a  long  time, 
content  to  range  it  among  fulphureous  matters, 
and  coniider  it  as  a  mineralizer  of  the  metals. 
Brandt  in  1733,  and  Macquer  in  1746,  fliowed 
that  is  a  true  metal  pofleflTmg  properties  highly 
chara6leriftic,  and  different  from  thofe  of  every 
other  metal.  Monnet  confirmed  thefe  obferva- 
tiotis  by  a  number  of  fa&s  in  his  differtation, 
which  obtained  the  prize  of  the  academy  of 
Berlin  in  1773.  Macquer  made  a  capital  dif- 
covery  in  1748,  by  carefully  examining  the 
refidue  of  the  decompofition  of  nitre  by  wljite 
arfenic,  or  the  oxide  of  arfenic,  wliich  aiforded; 
him  his  neutral  arfcnical  fait :  but  Scheele  ex-. 
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tended  this  difcovery  very  much  in  1775,  by 
Aowing  that  this  oxide  is  changed  into  a  power- 
ful acid  by  the  a6lion  of  the  nitric  acid  ;  and  by 
diis  procefs,  confirmed  the'  ideas  of  Becher  and 
Kunckel,  who  coniidered  this  oxide  as  a  co« 
agulated  aqua-fortis.  In  the  year  1777,  Berg- 
mann  united  in  one  differtation,  a  great  part  of 
the  properties  of  this  metal  in  the  metallic 
ftate^  in  the  fiate  of  oxide,  and  in  that  of  ore: 
The  French  or  Pneumatic  doflrine  has  clafled 
and  iingularly  enlightened  all  the  fa6ts  relative 
to  the  properties  of  this  metal. 


B.  Pkiifioal  Properties. 

2.  Arsekic  has  the  form  of  fmall  plates  of 
a  blackiih  grey,  brilliant  and  metallic,  whitiih, 
and  of  a  lively  bright  polifh  in  its  recent  frac- 
tures, poffeffing  the  fpecific  gravity  as  dated  by 
Bergmann,  of  8, 3 10,*  and  by  Guyton  5,763.  Itis 
extremely  brittle,  the  fmalleft  effort  breaks  it  into 
minute  fragments ;  it  may  be  eafily  pulverized 
by  percuflion,  and  reduced  into  a  fubtle  powder 
capable  of  pafling  through  the  fineft  filken 
fieves.  '  It  pofTeflTes  the  laft  rank  in  the  order  of 
hardnefs  according  to  Citizen  Guyton.  Berg- 
mann, however,  afiinns  that  it  is  harder  than 
copper;  it  is  frequently  marked  with  rain- 
bow colours  at  its  furface ;  its  fufibility  is  not 
known,  becaufe  it  fublimes  before  it  melts; 
it  is  the  moft  volatile  of  all  the  metals;  it 

cryf. 
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cryftallizes  when  flowly  fublimed  in  a  regular 
tetrahedron,  and  ibmetimes  in  the  form  of  an 
o£kahedron#  The  firftform  is  that  of  its  inte- 
grant particles*  Neither  its  tafte  nor  fmell  are 
very  perceptible  when  cold :  neverthelefs,  it 
leave$  on  the  fingers  a  flight  metallic  tafte,  and 
*  m  the  mouth,  a  iharp  peculiar  tafte,  which  is 
very  difagreeable.  When  it  is  heated,  it.pof- 
fefles  the  form  of  vapour,  and  exhibits  a  very 
ftrong  fetid  fmell  of  garlic,  which  may  be  con* 
fidered  as  the  charafteriftic  token  of  its  pre^ 
fence.  Neither  its  dilatability  by  caloric,  nor 
its  conducing  power  of  that  fubftance,  or  of 
electricity,  have  been  eftimated# 


C.  Natural  Hijiory, 

3f  Arsenic  frequently  exifts  native  in  ores ; 
it  has,  almoft  always  the  form  of  blackifh  maffes 
of  little  brilliancy,  very  heavy,  exhibiting  no 
metallic  fplendor  but  Jn  their  fradure,  which, 
frequently  prefents  rainbow  colours,  Its  frac- 
ture is  almoft  always  fcaly  and  conchoidal. 
This  nietal  was  long  confounded  with  the  ores 
of  cobalt,  and  denominated  teflacebus  cobalt. 
It  varies  in  its  colour  from  deep  grey  to  black :  in 
its lamellated  form,  fcaly,  pulverulent;  and  ita 
ftate  of  depofition  of  flaladites,  of  incruftation, 
of  cryftals ;  it  is  often  found  with  the  ores  of  co- 
balt, of  bifmuth,  of  nickel,  of  filver,  in  Saxony, 
Hungary,  Bohemia^  ^n^i  ?^t  the.jnines  of  St, 
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Maiy,  It  may  be  unequivocally  afcertained  by 
throwing  a  few  fmall  fragments  upon  ignited 
coal ;  a  white  fume  inftantly  rifes  with  the  fmell 
of  garlic. 

4,  Nature  frequently  prefents  arfenic  com- 
bined with  other  metals.  We  are  not  yet  well 
acquainted  with  ores  of  this  kind,  except  the 
mifpickel,  or  arfenical  pyrites,  which  is  a 
true  alloy  of  iron  and  arfenic  with  fulphun 
Iron  compofes  from  one-half  to  two- thirds  of  its 
mafs  according  to  Bergmann,  though  it  is  not 
attracted  by  the  magnet  When  this  native 
alloy  is  heated,  the  arfenic  fublimes,  and  the 
iron  remains  partly  reduced  and  attractable  by 
the  magnet  This  alloy  cryftallizes  in  cubes, 
of  which  the  angles  are  often  truncated. 

5.  A  third,  very  frequent  ftate  of  arfenic  in 
nature,  is  that  of  its  combination  with  fulphur. 
It  prefents  two  principal  varieties,  the  one  yellow, 
known  under  the  name  of  orpiment,  the  other 
red,  named  Realgar,  which  are  fometimes  tranf- 
parent,  and  often  opaque.  The  yellow  affe6ls  the 
lameilated  form,  and  the  red  the  prifmatic.  We 
are  not  yet  well  acquainted  with  the  differ^ 
ence  of  thefetwo  compounds  in  which  the  arfenic 
appears  to  be  but  little  oxided.  They  frequently 
afTumc  a  pyramidal  or  tetrahedral  form  confi- 
derably  pcrfeft ;  fometimes  in  the  mafs  of  calci- 
ned ore  of  arfenic  we  obferve  only  pyramids  of 
fulphuret  of  arfenic,  compofed  of  filaments  paral* 
lei  to  the  fides  ;  fo  that  one  of  the  hollow  trian- 
gular pyramids  being  frequently  filled  with  fmall 
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pyramids,  produces  a  tetrahedron  with  the  other 
pyramids  progrcflively  decreafing,  and  the  eight 
tetrahedrons  fuitably  difpofed  produce  the  octa- 
hedron. Here,  as  Bergmann  obferves,  from 
whom  this  defcription  is  taken,  Ve  fee  a  cryf- 
tallization  in  the  dry  way  abfolutely  fimilar  to 
that  which  is  afforded  in  the  humid  way  by 
muriate  of  foda,  the  muriate  of  pot-afli,  and 
perhaps,  all  the  other  falts.  We  Tee,  that  this 
floilful  chemift  noticed  the  laws  of  diminution 
to  which  Citizen  Haiiy  has  paid  fuch  fuccefsful 
attention.  The  yellow  and  red  fulphurets  of 
arfenic  vary  in  their  form,  and  the  fhade  of 
their  colour.  They  are  found  in  ninnerous 
places  in  the  vicinity  of  Volcanos ;  particularly 
at  Vefuvius  and  QuitOt  Sometimes,  they  are 
alloyed  with  iron,  in  which  cafe,  their  colour 
is  pale,  and  even  becomes  white,  Thefe  ful* 
phurets  are  totally  fublimable, 

6.  Arfenic  is  fometimes  found  in  the  earth 
in  the  ftate  of  pure  white  oxide,  or  arfenions 
acid,  as  we  ihall  fee  hereafter:  but  this  is 
fcarce,  and  always  in  fmall  quantity t  In  the 
territories  already  mentioned,  it  is  formed  either 
in  powder  or  in  efflorefcence,  or  in  white  maffes 
depofited  in  ftrata,  fopietimes  tranfparent,  fre- 
qaently  mixed  with  yellow  or  red  fulphuret  of 
arfenic.  It  is  diftinguiflied  by  its  garlic  vapour, 
when  thrown  in  the  fire,  as  well  as  by  its  acrid 
metallic  tafte,  and  its  folubility  in  water. 

7.  We  are,  not  yet  acquainted  with  the  na- 
ture of  the  oxide  of  arfenic  united  to  acids. 
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On  the  contrary,  we  know  that  this  metal  in 
the  (late  of  acid,  is  frequently  itfelf  the  minera- 
Hzer  of  various  other  metals. 


D.  Docimaflic  and  Metallurgic  Operations, 

8.  Nothing  can  be  more  fimple  and  eafy 
than  the  affay  of  the  ores  of  this  metal,  fmce 
it  cotififts  merely  in  afcertaining  its  prefence  by 
the  white  fume  and  the  odour  of  garlic  which 
they  prefent  when  thrown  on  ignited  coal.  A 
true  affay  of  thcfe  ores  for  metallic  works  is 
never  made. 

9.  In  fcientifiLc  chemiftry,  if  it  be  defired  to 
afcertain  the  quantity  of  metal  contained  in  a 
native  oxide  of  arfenic,  or  which  is  the  fame 
thing,  to  obtain  metallic  arfenic  from  its  oxide, 
this  fubftance  is  mixed  with  three  times  its 
weight  of  black  flux  ;  the  mixture  is  put  into  a 
crucible  and  covered  with  anotlier  rcverft  d  and 
luted  in  fuch  a  manner  ^s  to  prevent  the  ac- 
cefs  of  air.  The  lower  crucible  is  heated  by 
degrees  to  ignition,  at  the  fame  time  that  the 
upper  is  diefended  from  the  heat,  and  the  flame 
by  a  perforated  copper-plate.  WIjCU  the  appara-^ 
tus  is  cool,  the  upper  crucible  is  found  to  con- 
tain a  cruft  of  metallic  arfenic,  brilliant  and 
cryftallized,  eafy  to  be  detached,  of  which  the 
weight  may  be  compared  with  that  of  the  ore, 
or  rather  the  oxide  employed. 

Bergmann,  in  his  Differtation  on  the  Humid 
Analyfis,  direds  us  to  affay  native  arfenic  by 
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diffolving  it  in  four  parts  of  nitro-muriatic 
acid,  concentratieg  the  folution  by  evapora- 
tion, and  precipitating  by  water  the  muriate  of 
arfenic.  The  filtered  liquor  contains  the  other 
metals  which  may  exift  in  the  ore.  If  it  con- 
tain 111 ver,  this  may  be  thrown  down  in  the  form 
of  infoluble  muriate.  Iron  is  frequently  found 
in  the  folution  precipitated  by  water. 

11.  The  fulphuret  of  arfenic  muft  be  treated 
with  the  muriatic  acid,  by  adding  a  fmall  quan- 
tity of  nitric  acid  to  feparate  the  fulphur ;  this 
laft  is  collefiled,  wailied,  and  weighed ;  the  ox- 
ide of  arfenic  is  alfo  capable  of  being  precipi- 
tated by  water  ;  arfenic  may  alfo  be  obtained  in 
the  metallic  ftate  by  immerfing  zinc  in  the  mu* 
riatic  folution,  after  having  added  alcohol*  If 
it  contain  iron  it  reiuams  fufpended.  By  this 
aflay  it  h  determined  that  the  different  propor- 
tions of  fulphur  occafion  the  variations  of  co- 
lour in  the  fulphurets  of  arfenic. 

12.  With  regard  to  the  native  oxide  of  this 
metal,  its  affay  muft  alfo  be  made  by  the  muri* 
atic  acid,  which  diffolves  it,  Bergmann  very 
properly  recommends  that  the  nitric  acid  fliould 
be  ufed  with  great  caution  in  thefe  affays,  be- 
caufe  it  eafily  converts  the  arfenic  into  the  acid 
ilate,  which  is  no  longer  precipitable  by  water ; 
he  even  remarks,  that  a  fmall  portion  is  con* 
ftantly  formed,  which  unites  with  the  earths 
and  metallic  oxides  exifting  in  the  ores  of 
arfenic,  and  of  which  it  is  neccffary  to  take 
account  ia  an  accurate  dociifiaftic  analyfis. 

3  13.  The 
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13*  The  ores  of  arfenic  are  not  treated  in  the 
large  way  for  the  purpofe  of  obtaining  the 
metal;  its  two  prodxifts  are  obtained  in  the 
treatment  of  feveral  other  ores,  particularly 
thofe  of  cobalt ;  and  both  are  extremely  dan- 
gerous in  their  ufes-  In  Saxony  and  Bohemia 
the  oxide  of  arfenic,  or  a  true  arfenious  acid  is 
obtained  during  the  roafting  of  the  ore  of  co- 
balt. Thefe  products  fublime  and  fix  them- 
felves  in  long  horizontal  chimni«s  proceeding 
from  the  furnaces.  This  article  is  fold  under 
the  name  of  white  arfenic. 

14.  Loaves,  or  mafles  of  metallic  arfenic,  of 
a  blackifli-grey  colour,  are  alfo  prepared  in  the 
large  way,  confifting^of  plates  irregularly  ar- 
ranged, fo  as  to  leave  a  great  number  of  pores 
and  cavities.  Thefe,  probably,  are  obtained 
in  the  large  way  by  treating  other  arfenical 
ores ;  and  they'  are  fold  under  the  dangerous 
and  deceitful  name  of  teftaceous  cobalt,  or 
powder  for  killing  flies.  Bergmann,  who  alfo 
rejefts  this  erroneous  exprcflTion,  is  deceived 
when  he  affirms  that  this  fubftance  does  not  kill 
flies  unlefs  it  be  in  the  flate  of  oxide.  The  ex- 
periments of  our  peafants,  who  flrew  this  pow- 
der in  plates  containing  water,  which  are  placed 
even  on  dining  tables,  and  foon  become  filled 
with  dead  flies,  proves  that  the  metal  itfelf, 
though  infoluble,  is  extremely  poifonous. 


JS.  Concerning 
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E.  Cpncerning  the  OoddabiUty  of  Arfenic  by  the  Aifm 

15.  Arsenic,  in  the  brilliant  metallic  ftate, 
and  recently  prepared,  foon  changes,  even  in 
£he  cold^  by  the  conta6l  of  the  air.  Its  fur- 
face  is  oxided  at  firft  of  a  dull  colour,  and  at 
laft  becomes  black,  at  the  fame  time  that  it 
lofes  its  hardnefs,  and  becomes  extremely  fria- 
ble, and  Qven  pulverulent. 

16.  When  it  is  heated  with  the  conta6l  of 
air,  and  particularly  when  its  powder  is  thrown 
on  red-hot  coals,  it  burns  with  a  very  percep- 
tible blue  flame  ;  it  emits  fumes  having  a  ftrong 
fmell  of  rotten  garlic,  and  it  fublimes  in  a  white, 
acrid,  folublemafs,  which  has  been  denominated 
oxide  of  arfenic,  but  which  I  fliall  defcribe  un- 
der the  name  of  the  arfenious  acid.  Citizen 
Guyton  places  it  in  the  feventh  rank  of  oxida- 
bility  after  antimony.  I  confider  it  as  one 
of  the  mod  combuftible  among  metallic  fub- 
fiances* 


F.  XJnion  with  Combustible  Matters, 

17.  No  union  is  known  to  fubfift  between 
arfenic,  azote,  carbon,  and  the  diamond ;  it  is 
known  to  be  foluble  in  hidrogen  gas,  to  which 
it  gives  a  fetid  fmell,  and  poisonous  property. 
Its  combination*  Avith  phofphorus,  fulphur, 
and  the  metals  have  been  determined. 

18.  When 
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18;  When  equal  parts  of  phofphorus  and, 
arfcnic  are  diftilled  with  careful  management 
of  the  fire,  a  brilliant  blackifli  fublimate  is  ob* 
tained  which  bums  on  ignited  coals  M^ith  a 
mixed  odour  of  thefe  two  combuftible  bodies. 
A  black  refidue  is  left  abounding  with  phofpho* 
rus,  which  muft  be  kept  under  water,  and  is 
the  phofphoret  of  arfenic.  This  combination 
may  alfo  be  made  under  Avater  at  a  boiling  heat 
in  a  glafs  vefTel ;  the  phofphorus  unites  with 
the  aifenic  by  fufion.  The  charafters  of  this 
phofphoret  of  arfenic  are  not  yet  known. 

19-,  Arfenic  is  eafdy  combined  with  fulphur 
by  fufion  and  by  fublimation.  It  then  forms 
a  yellow  or  red  compound.  This  laft  colour 
fliows  that  the  itietal  preferves  its  metallic  na* 
ture.  For  when  this  compound  is  oxided  by 
the  a£iion  of  acids  it  pafles  to  yellow.  It  is  a 
perfeft  imitation  of  the  native  fed  fulphuret 
of  arfenic,  or  realgar,  which  has  fometimes  been 
named  on  account  of  its  colour,  the  ruby  of 
arfenic.  The  alkaline  fulphurets  alfo  diflblve, 
arfenic  with  facility,  which  adheres  to  them 
but  weakly,  and  is  eafily  feparated  by  all  the 
other  metals.  The  hidro-fulphuret  of  arfenic 
is  not  yet  known. 

20.  Arfenic  unites  very  eafily  with  moft  of  the 
metals.  As  it  is  the  firft  metal  which  is  ex- 
amined individually  in  this  work  we  cannot 
treat  of  its  alloys,  but  in  a  general  manner; 
becaufe  we  fliall  return  to  them  under  each  of 
the  twenty  following  metals.     By  uniting  with 

the 
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M.  Jl^ion  of  Atfenic  upon  the  Acids,  and  oftlte  Aacli 

upon  Arfenia 

!S5.  In  general,  thofe  acids  only  which  are 
eaiily  decompofed,  appear  capable  of  a6i;ing  upon 
arfenic  and  fupplying  it  with  oxigen*  Few  of 
them  can  hold  it  in  folution,  on  account  of  the 
acid  nature  which  it  affumes  by  its  oxidation ; 
it  therefore,  always  falls  down  in -the  form  of 
a  white  powder  from  its  folutions.  Moll  of  the 
acids,  by  a  cotifiderable  aftion  upon  aiienic^ 
convert  it  into  arfenic  acid,  or  at  leaft  into 
4rfenious  acid  ;  and  it  has  then  much  more 
tendency  to  unite  with  the  alkalis,  than  to  com- 
bine with  the  acids ;  accordingly,  it  feparates 
from  the  latter,  ov  at  leaft  it  does  not 
unite  with  them ;  when,  therefore,  we  obtain 
folutions  of  arfenic,  they  are  always  made  with 
excefs  of  acid,  little  charged  with  oxide;  they 
have  little  permt^nency,  they  become  turbid  by 
evaporation,  or  by  the  fimpleaddition  of  water. 

26.  The  concentrated  fulphuric  acid  jdoes 
not  attack  arfenic  in  the  cold ;  when  it  is  boiled 
upon  this  metal  in  powder  or  in  fmall  frag- 
ments, it  produces  an  efFervefcence ;  fulphu- 
reous  acid  gas  is  difengaged  :"the  arfenic  be- 
comes oxided  and  remains  at  the  bottom  of  the 
veifel  in  a  white  powder,  which  retains  but  little 
fulphuric  acid ;  wafliing  with  water  carries  off 
moft  of  this  laft/  and  leaves  the  arfenic  with 
little,  dimiuution.     There  is  not,  truly,  a  ful* 

phate 
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phlte  of  arTenic.  No  cryftals  are  obtained  from 
this  folution ;  by  evaporation^  the  arfenious 
acids  falls  down,  and  the  fulphuric  acid  remains 
fufpended*  No  a6i;ion  takes  place  between  the 
fulphujreous  acid^  and  the  aHenic  acid. 

27*  Concentrated  nitric  acid  Slttacks  arfcrtic 
in  powder  with  much  vivacity,  Or  rather  this 
metal  rapidly  decompofes  the  nitric  acid  5  ni- 
trous gas  is  difengaged,  and  towards  tli^end 
azote.  Tlie  arfenic  is  changed  iiito  a  white 
powder  much  heavier  than  the  liietal  was  before. 
It  is  firft  the  arfenious  acid  which  may  pafe  to 
the  ftatie  of  arfenic  acid,  if  a  new  quantity  of 
nitric  atid  be  mad&  to  a£l  upon  it ;-  fometimes, 
even  when  a  large  quantity  of  this  acid  has  been 
taker,  and  its  a6lian  is  affifted  by  heat^  the 
metal  fpeedily  becomes  arfenic  acidj  and  no 
oxide  remains  in  the  fupcrnatant  acid,  fo  that 
there  is  no  nitrate  of  arfenic  afforded.  Chemiils 
who  have  fpoken  of  fuclv  a  nitrate,  obtained  a 
folution  of  arfenic  acid,  and  confequently  were 
induced  to  affert,  that  the  alkalis  do  not  pre- 
cipitate this  metal.  The  nitrous  acid  produces 
this  effeft  of  acidification  upon  arfenic  ftill 
more  fpeedily. 

28.  There  is  no  perceptible  a6l ion  between 
the  phofphoreous  and  phofphoric  acids  and  ar- 
fenic ;  by  means  of  an  elevated  temperature  con-< 
tinned  for  fome  time,  a  fmall  quantity  of  arfenic  is 
oxided,  but  weakly  and  almofi  in  an  infenfibic 
manner:  the  fame  obfcrvation  applies  to  the 
carbonic  acid. 

Vol.  V.  IT  29.  The 
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29-  The  muriatic  acid  has  no  aftion  in  the 
cold  npon  arfenic ;  when  it  is  made  to  boil,  it 
perceptibly  diffolves  it,  and  gives  out  a  fetid  gas, 
which  appears  to  be  arfeniatcd  hidrdgen.  The 
tnutiatic  acid,  therefore,  renders  water  decern* 
jjofable  by  arfenic.  Bergmann  has  remarked, 
that  this  acid  is  the  beft  folvent  of  the  metai 
here  fpoken  of,  and  accordingly,  he  has  recom- 
mended it  fot  the  affays  of  its  ofes.  A  fmall 
quantity  of  nitric  acid  being  added,  renders 
the  folution  more  fpeedy.  This  folution  heated 
and  concentrated  in  clofed  veffels,  fublimes  to- 
tally in  the  form  of  a  thick  fluid,  which  was 
denominated  butter  of  arfenic.  It  is  decom- 
pofed  by  water  alone,  which  feparates  the  arfe- 
nious  acid.  It  is,  therefore,  only  a  tranfient 
muriate  of  arfenic,  which  cannot  be  compared 
to  a  true  metallic  fait. 

'30*  Theoxigenated  muriatic  acida6ls  upon  ar- 
fenic with  much  greater  force  and  rapidity.  This 
metal,  when  thrown  in  the  ftate  of  powder  into 
oxigenated  muriatic  acid  gas,  becomes  inflan'- 
taneoufly  inflamed,  and  burns  with  a  white  and 
very  bright  flame;  it  afterwards  exifts* in  the 
ftate  of  arfenious  acid.  If  we  add  to  it  liquid 
Oxigenated  muriatic  acid,  it  fpeedily  pafles  into 
the  ftate  of  arfenical  acid,  whilft  the  former  is 
reftored  to  the  ftate  of  ordinary  muriatic  acid. 
The  fame  acidification  is  effected  by  pouring 
oxioenatcd  muriatic  acid  into  the  folution  of 
arfenic  by  the  ordinary  muriatic  acid. 

31.  TIm 


ARSENIC.  99 

31.  The  fluoric  and  the  boracic  acids  exert  no 
^aion  at  dl  upon  arfenic  We  (hall  fee  here- 
rfter  what  are  its  habitudes  with  refpeft  to  the 
metallic  acids,  and  even  with  refpc£l  to  its  own 
or  the  arfenic  acidw 

%.  ASion  of  the  Ba/es  and  Salts  upon  Arfenic. 

S2.  No  earthy  or  alkaline  bafe  exerts  any 
real  a6lion  upon  arfenic,  nor  efFe6fci  any  oxi- 
genation  of  it  by  water,  at  leaft  unlefs  we  boil 
this  metal  for  a  long  time,  in  the  ftatc  of  fine 
powder,  in  a  large  quantity  of  alkaline  folution. 
Ammonia  is  equally  inert  with  refpeft  to  this  , 
knetal. 

33.  The  fulphates  are  not  decompofed  by 
arfenic  ;  the  heat  which  it  would  be  neceflary  to 
employ  in  order  to  favour  this  decompofition, 
isfuperior  to  that  which  volatilizes  this  metal ; 
ftill  lefs  can  it  fuflFer  any  alteration  by  the  aftiou 
of  the  fulphites. 

34.  The  nitrates  burn  arfenic  and  detfifnate 
with  it  They  convert  it  into  arfenical  acid  by 
the  great  quantity  of  oxigen  which  they  impart 
to  it ;  and  this  acid,  combining  with  the  bafes 
of  the  nititites,  forms  arfeniates  which  remain 
at  the  bottom  of  the  veflels  in  which  this  opera- 
tion is  carried  on* 

35.  No  aftion,  no  combination,'  no  decotti- 
poiition  is  known  between  arfenic  and  the  mu- 
riates. Tlie  fuper-oxigenated  muriates,  on  the 
contrary,  exert  a  confiderable  a6lion  upon  this 

H  2  mttal 
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metal;  When  three  parts  of  fuper-oxigenated 
muriate  x)f  pot-aih  have  been  mixed  with  one 
part  bf  arfenic  iti  iine:pdwder,  (a  mixture  which 
muft  be  .made  with  great  caution,  and  without 
applying  much  fri6lion  or  compreffion  to  the 
fubftances,  left  fpontaneous  inflammation  and 
detonation  ihould  take  place),  if  we  ftrike  fmall 
portions,  placed  iipon  an  anvil  or  folded  in 
paper,  with  a  hammer,  a  confiderabje  fulmina- 
tion  attended  with  flame  is  produced-  If  we 
approach  a  body  in  the  ftate  of  combufiion  to 
the  fame  mixture,  it  kindles  and  burns  with 
cxceflive  rapidity.  Poured  upon  concentrated 
fulphuric.  acid,  it  emits  a  flame,  at  the  inftant  x 
of  contaft,  which  raifes  itfelf  inthe  air,  flalbes 
likeiightning,^  andisfo  brilliant  that  it  dazzles 
the  eyes* 

$6.  No  adlion  is  known  to  be  exerted  upon 
arfenic  by  the  phofphates,  which  themfelVes 
undergo  no  alteration.  The  phofphites  when 
heated  with  this  metal,  yield  a  fmall  quantity  of 
phpfphuret  of  arfenic. 

37*  The  flaates,  borates,  and  Carbonates  exert 
no  action  at  all  upon  it ;  when  we  heat  it  with 
borax  by  means  of  the  blow*pipe,  it  becomes 
volatile^  burns,  and  does  not  remain  fixed  in 
th«  vitreous  globule  formed  by  tliis  fait* 

K.  Ufes  of  Arfmici 

* 

38.  Arsekic,  in  the  metallic  form,  and  fuch 
as  it  has  been  defcribed  in  this  paragraph,  is 

but 
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but  little  employed,  except  in  chemical  labora^ 
tories,  where  various  experiments,  refearches, 
and  demonflrations  ^e  carried  on. 

39*  As  it  is  fometimes  employed  for  killing 
flies^  great  caution  ihould  be  ufed  in  applying 
it  to  this  purpofe ;  for  this  fubftance,  which  is 
fold  under  the  name  of  teftaceous  cobalt,  or 
fly-powder,  is  very  dangerous  to  all  animals,, 
though  fome  chemifts  are  of  the  contrary 
opinion.  The  antidotes  again  ft  its  poifon  fliaU 
be  enumerated  hereafter. 

40.  In  fome  manufa6i;ories  it  is  alloyed  with 
various  metals,  in  order  to  whiten  and  harden 
them ;  the  white  copper  is  frequently  an  alloy 
of  this  kind,  We  ihall  fpeak  of  this  fubjefl  in 
the  hiftory  of  the  other  metallic  fubflances  j  it 
is  only  of  importance  to  obferve  in  this  place, 
that,  though  fuch  alloys  may  be  of  utility  in 
fome  cafes,  they  ought  never  to  be  employed  in 
utenfils  for  the  preparation  of  aliment,  drinI(S| 
or  medicineSf 


Section 
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SECtlOJT   II. 

OftheArJknious  and  Arfenical  Acids. 

Species  L 

The  Arfenious  Acid* 

i.  I  Was  the  firft  who  applied,  fome  years  ago, 
the  name  of  arfenious  acid  (acide  arfenieux) 
t6  the  fubftance  which  is  known  in  commerce 
by  the  haiAe  o^  white  arfenicy  (arfenic  hlanc)^ 
and  which  has  been  termed  oxide  of  arfenic  in 
the  Methodical  Chemical  Nomenclature.  The 
nlJpiifeftly,  though  (lightly,  acid  properties  of 
this  pretended  oxide,  which "  had  already  been 
r^ilk^d  amongft  the  acidified  fubftances  by  fome 
of  the  ancient  ohemifts,  induced  me  to  do  fo, 
as  well  as  the  advantage  of  comparing  its  pro- 
perties in  the  hiftory  of  arfenic  and  the  arfenical 
acid,  with  thofeof  the  phofphoreous  and  fulphu- 
reous  acids,  in  the  hiftory  of  phofphorus,  fuK 
phur,  and  the  phofphoric  and  fulphuric  acids. 

2.  This  acid  is  found  frequently,  if  not  abund- 
antly,  in  nature;  it  is  known,  and  I  have  my- 
felf  indicated  it  amongft  the  arfenical  ores,  by 
the  name  of.  native  oxide  of  arfenic  :  it  is  ob- 
tained in  the  large  way,  and  fublimed  in  work- 
ing various  ores,  efpecially  thofe  of  cobalt. 
It  is  prepared  by  heating  and  burning  arfenic  in 
fubliming  apparatufes,  to  which  the  air  has  ?ic- 

4  cefe ; 
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ccfs ;  it  is  alfo  this  fubftance  which  is  formed 
when  the  arfenic  is  fuppofed  to  be  iimply  ox* 
ided  by  the  fulphuric,  nitric,  muriatic,  and 
oxigenated  muriatic  acids;  finally,  it  is  this 
M'cak  acid  which  refults  from  all  the  circum- 
r  fiances  in  which  arfenic  is  oxided  to  white- 
neis^  fo  that  there  is  no  real  oxide  of  this  me- 
tal  except  that  which  is  black. 

3.  The  acid  charaderiftics  of  this  burned  fub- 
fiance  are  the  acrid  tafie,  its  cauftic  and  poi^ 
fonous  property,  that  of  changing  feeble  blue 
colours  into  red,  of  precipitating  the  alkaline 
and  earthy  fulphurets,  of  diffolving  in  water, 
of  uniting  with  the  alkalis  and  etrUis ;  and,  as 
nwcak  poifonous  VLCid,  it  is  volatile,  lefs  folu* 
ble  than  the  arfenical  acid ;  its  falts  are  much 
more  decompofable  than  thofe  of  the  latter : 
but  its  differences  and  variations  will  be  better 
underftood  by  ftudying  its  real  properties, 

4.  The  arfenious  acid  is  very  volatile :  when 

vc  heat  it  flowly  in  clofe  veflfels,  it  fublimes  in 

regular  tetrahedral  cryftals,  which  are   tranf- 

parent  like  glafs.     Frequently  the  tetrahedrons 

have  their  angles  truncated,     Jt  forms  denfe, 

femi-tranfparent  layers  in  the  chimnies  where 

the  ores  of  cobalt  are  worked,  appearing  in  the 

form  of  a  powder  or  of  fipall  needles :  this  wai5 

formerly  termed  Jlowers  of  arfenic.      This  acid 

is  fo  extremely  acrid  and  cauftic,  that  it  corrodes 

the  organs'  of  animals  j  it  is  the  mpft  deleterious 

of  all  known  poifons.     Its  fpecific  weight  is  lefs 

than  tb^ti  of  arfenic  J  it  weighs  between  4;  000 

and 
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and  5>000:  the  oxigea  with  which  it  is  com-? 
bined  keep3  therefore  tjie  molecules  of  the  arfe-? 
niG  morlB  feparate  fpom  each  other  than  in  their 
metallic  ftate ;  it  reddens  the  moft  fenfible,  and 
alterable  blue  vegetable  colours,  though  it  turns 
the  fyrup  of  violets  green  ;  when  expofed  to  the  . 
aiTj  it  becomes  opaque  and  covered  with  a  flight 
efflorefcence. 

51  The  arfenious  acid  is  very  eafily  alterable 
by  hidrogpn, .  carbon,  pboiphorus,  and  fulphur  ; 
the  t^\^o  firft  deprive  it  of  its  pxigen  in  a  re4 
heat,  and  cayfe  it  to  return  to  the  ftate  of  arfe- 
nic  ;  •  the  one  forming  water,  and  the  other 
carbonic  acid.  The  phofphorus  and  ftilphur 
become  in  paYt  acid,  andjn  part  conftitute  with 
the  arfenic,  which  they  reftore  to  the  metallic 
ftate,  arfenical  phofphoret  or  fulphuret  It  i§ 
on  this  account  that  MargraflF  and  Pelletier, 
who  have  particularly  occupied  themfelves  with 
the  metallic  phofphorets,  have  faid  that  we 
might  form  them  with  white  arfenic,  or  the 
arfenious  acid. 

€.  Water  diflblves  the  arfenious  acid  pretty 
eafily ;  it  requires  no  more  than  twenty-four 
parts  at  ten  degrees  to  diflblve  one  part  of.  the 
acid  ;  hot  water  diffolves  more  of  it  than  cold, 
for  fifteen  parts  of  boiling  water  are  fufficient  to 
diflblve  one  part  of  this  acid;  the  folution  alfa 
depofits  cryftals, 

By  refrigeration,  but  much  better  by  eva- 
poration, regular  tetrahedrons  are  obtained  from 
it     This  folution  is  very   acrid,  reddens  t^hq 

blue 
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blue  colours,  unites  with  the  earthy  bafes,  dc- 
compofes  the  alkaline  fulphurets,  and  yields 
with  them  a  yellow  precipitate,  in  which  the 
•  arfenic  approaches  the  metallic  (late.  There  are 
even  fome  metals  which  a£);  upon  this  folution, 
and  which  tend  to  decompofe  the  acid,  fo  as  to 
form  a  blackifh  precipitate,  which  approxiinates 
td  the  ftate  of  arfenic, 

T.  Between  this  and  the  other  acids  no  aAion 
takes  place,  except  one  of  a  very  diiferentnature 
from  that  which  they  exert  upon  the  metals ;  boil- 
ing fulphuric  acid  diiTolves  a  fmall  quantity  of 
arfenious  acid,  which  is  precipitated  by  refri- 
geration ;  nitric  acid,  without  diflblving  it,  be- 
comes decompofed  with  the  aid  of  heat,  and 
converts  the  arfenious  into  arfenical  acid.  The 
phofphoric  and  carbonic  acids  do  not  aft  upon 
the  arfenious  acid ;  neverthelefs,  this  acid  en- 
ters into  a  vitreous  combination  with  the  phof- 
phoric and  boracic  acids.  Muriatic  acid  dif- 
folves  it  with  the  aid  of  heat,  and  forms  a  vo- 
latile combination  which  water  precipitates ;  the 
oxigenated  muriatic  acid  converts  it  into  arfe? 
nical  acid. 

8.  The  arfenious  acid  combines  with  the 
earthy  and  alkaline  bafes  ;  the  firft  form  with  it 
arfeniates  that  hav^  little  folubility ;  hence  its 
folution  is  precipitated  by  thofe  of  barites, 
ftrontian,  and  lime.  The  fixed  alkalis  form 
denfe  arfeniates,  which  do  not  cryftallize,  which 
are  decompofable  by  fire,  of  which  caloric  vo- 
latilizes the  arfenious  acid,  and  from  which  all 

the 
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the  acids  precipitate  it  in  a  pulverulent  foi-m. 
Thefe  falinc  combinations  were  formerly  termed 
livers  of  arfeniCy  Bs  they  were  compared  with 
the  compounds  of  fulphur  and  the  alkalis. 
The  earthy  and  alkaline  arfenites  have  as  yet 
been  hut  little  cxAmiiied.  Wliat  is  known  of 
them  is  birely  fufficienttodiftinguifli  them  frona 
the  arfeniates,  or  the  compounds  rcfulting  from 
the  combination  of  the  arfenical  acid  with  the  \ 
famebafes, 

9.  There  cxifts  ftill  another  fpecics  of  com- 
bination between  the  arfenious  acid  and  the 
earths;  namely,  thofe  which  are  formed  in  em-^ 
ploying  it  for  the  purpofe  of  vitrification. 
Though  a  portion  of  this  volatile  acid  is  fub- 
limed  previous  to  the  fufion  of  the  glafs,  ano- 
ther part  remains  fixed  in  the  vitrified  fubftance,, 
which  gives  it  tranfparency,  an  homogeneous 
denfity,  and  a  confiderable  weight :  it  even 
appears  that  there  exifts  in  the  arfenicated 
glaffes  a  kind  of  triple  fait ;  for  the  alkalis  and 
the  fand  enter  into  intimate  combination  at 
the  moment  of  fufion,  and  remain  intimately 
united. 

10.  If  we  except  the  nitrates;  and  oxigenated 
muriates,  the  other  falts  have  but  little  a6lion 
upon  the  arfenious  acid ;  it  exerts  none  upoi\ 
the  fulphates,  the  muriates,  and  the  fluates ;  it  is 
only  with  the  affifl;ance  of  heat  that  it  decom-i 
pofes  the  carbonates,  from  which  it  expels  the 
acid  with  effervefcence,  in  otder  to  unite  with 
their  bafes ;  it  is  riot  without  difficulty  that  it 

^   expels 
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f  xpds  and  precipitates  the  acid  of  the  borates* 
It  is,  however,  to  be  remarked,  that  on  heating 
the  muriate  of  foda  with  the  arfenigus  acid,  a 
portion  of  Its  muriatic  acid  is  difengagtd 

1.1.  But  the  nitrates  and  thefuper-oxigenatcd 
muriate  of  pot-afli  a6i  in  a  very  remarkable 
manner  upon  the  arfenious  acid ;  it  decotnpofes 
the  firft  in  fuch  a  manner  as  to  difengage  from 
them  the  nitrous  acid,  or  nitrous  vapour,  which 
it  is  very  difficult  to  coerce,  ad  Kunckel  had 
long  ago  obferved ;  it  abforbs  a  part  of  its  ox« 
igen ;  it  pafles  into  the  Hate  of  arfenical  acid, 
and  it  leaves  arfeniates  in  the  diftilling  veffels. 
The  fame  phenomenon  takes  place  when  we  de- 
tonate the  arfenious  acid  with  the  nitrates  ;  for 
it  is  ftill  fufficiently  combuftible  to  efle^  a  de- 
tonation, without  fparks  indeed,  but  with 
fommotion  and  effervefcence ;  and  real  arfe- 
niates remain  at  the  bottom  of  the  crucibles. 
It  was  in  this  manner  that  chemifts  formerly 
prepared  fixed  arfenic^  which  is  the  acidu- 
lous arfeniate  of  pot-aih,  concerning  which  we 
fliall  treat  hereafter.  The  fuper-oxigenated 
muriate  of  pot-alh  alfo,  by  completely  burning 
the  arfenious  acid,  effeds  its-  converfion  into 
arfenical  acid,  which  is  able,  with  the  aid  of 
fire,  to  decompofe  the  remaining  muriate  of 
pot-a(h,   • 

13.  The  arfenious  acid  is  applied,  under  the 
name  of  arfenic,  or  white  arfenjc,  to  a  variety 
of  ufes  in  the  artj|(J  it  is  employed  in  a  great 
number  of  cafes,  in  which  it  is  reduced  and  a6ls 

as 
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as  a  metal,  as  ihall  be  fliown  hereafter,.  Some 
pbyfician^  have  ventured  to  epiploy  thia  terri*' 
ble  iacid  as  a  medicine,  and  affure  us  that  they 
have  found  it  very  efficacious ;  hut  it  is  always 
much  more,  to  be  dreaded  as  a  poifori,  tljan 
efteemed  as  a  remedy.  .Waters  charged  with 
fulphurated  hidrogen  gas  are  ampngfl  the  beft 
counter-poifons.  that  can  be  adrainiftered  againft 
the  effe6ls  of  this  dangerous  fubftance.  The 
alkaline  flilphurets  diffolved  in  Abater,  prove 
very  fuccefsful,  immediately  after  a  pcrfon 
has  been  poifoned  with  arfenic ;  bland  infipid 
liquids,  milk,  fat,  oils,  are  fometimes  rather 
dangerous  than  falutary,  as  they  envelop,  and 
in  fome  meafure,  fix  the  arfenious  acid  upon  the 
llom^chf    .      .     ' 


Spjbci.es  II, 

The  Arfenical  Acid. 

1.  Though  Macquer  fiift  afcertained  the 
difference  between  the  combinations  of  this 
acid  and  thofe  of  the  preceding,  it  was  not  till 
the  year  1775  that  Scheele  difcovered  the  arti- 
ficiar  formation  of  the  arfenical  acid,  by  diflill^ 
ing  nitric  acid  upon  a  muriatic  folution  of  ar- 
fenious acid,  which  he  believed  to  exift  in  the 
oxide  of  arfenic.  This  able  Swede  was  the  firft 
who  defcribed  the  remarkable  properties  of  this 
acid.     He  alfo  prepared  it  by  treating  the  ar^ 

fei^QUs 
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fenious  icv^  with  the  bxigenated  muriatic  acid : 
fiergmann  added  feveral  ufeful  fa6ls  to  this  dif- 
covery.  The  pneumatic  theory  proved  to  the 
French  chemifts,  that,  during  this  con verfion  into 
a  more  powerful  acid,  the  arfenious  acid  abftrac* 
ted  oxigenfrom  the  nitre  or  the  nitric  acid,  and 
from  the  oxigenated  muriatic  acid.  Pelietier, 
on  examining  various  properties  of  this  acid, 
found  that  by  decompofing  the  nitrate  of  am- 
monia by  means  of.  the  arfenious  acid,  and  af-* 
terwards  applying  heat  till  the  ammonia  was 
difengaged,  the  arfenical  acid  was  left  alone  and 
pure  at  the  bottom  of  the  diftilling  veflel. 

S.  The  arfenical  acid  is  prepared,  either  by 
diftilling  fix  parts  of  concentrated  nitric  acid 
from  the  arfenious  acid,  or  by  heating  concen- 
trrted  nitric  acid  upon  twice  its  weight  of  a 
muriatic  folution  of  arfenious  acid,  or  by  dif- 
folving  the  latter  in  liquid  oxigenated  muriatic 
acid,  or  by  receiving  this,  in  the  form  of  gas, 
into  a  folution  of  arfenious  acid.  In  all  thefe 
proceffes  we  obtain  an  acid  which  does  not  cryf- 
tallize,  which  has  a  dreadfully  acrid  and  cauftic 
metallic  tafte,.  which  is  fixed  in  the  fire,  and 
can  fooner  be  fufed  into  glafs  than  volatilized  ; 
which  reddens  even  the  fyrups  of  violets,  and 
which  has  much  ftronger  attraftions  than  the 
arfenious  acid.     Its  fpecific  weight  is  3,  391. 

3.  When  we  heat  this  acid   in  a  retort  or  a 
crucible,  it  melts  quietly ;  it  attacks  the  glajk. 
of  the  retort  or  the  earth  of  the  crucible ;  it  re- 
mains tranfparent  and  pure  at  a  very  high  tem- 
perature; 
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peraturc ;  it  yields  a  fmall  quantity  of  cxigeti 
gas,  and  returns  in  part  to  the  ftate  of  arfenious 
acid:  bright  light  alfa  favours  this  difacidi- 
fication,  which  particularly  takes  place  when 
we  ftrongly  heat  this  powerful  and  cauftic  acid 
in  a  traniparent  vefleL  When  the  arfenical  acid 
contains  a  fmall  quantity  of  arfenious  acid,  we 
feparate  the  latter  from  it  by  the  aftion  of  fire, 
asis  done  with  the  fulphureous  andjiittous  acids, 
"when  united  with  the  fulphuric^nd  nitric  acid& 

4/  Expofcd  to  the  air,  it  quickly  attraQs 
humidity;  it  is  entirely  and  completely  deli- 
quefcent;  it  abfotba  alfo  two  thirds  of  its 
weight  of  atmofpherical  water,  a  quantity  fuf- 
ficient  to  hold  it  in  folution. 

S.  When  the  arfenical  acid  is  heated  with 
combuftible  fubftances,  of  whatever  kind. they 
may  be,  they  decompofe  it,  abftra6l  from  it  its 
oxigen*  caufe  it  to  return  into  the  ftate  of 
arfenious  acid,  and  from  thence  into  that  of 
arfenic^  Alfo  hidrogen  gas,  received  into  a 
folution  of  this  acid,  poffeffes  this  property  in  a 
fufficient  degree  to  precipitate  its  folution; 
fiill  moi:e  decidedly  muft  this  effe6ll)e  produced 
by  fulphurated  hidrogen  gas,  by  water  charged 
with  it,  and  by  the  alkaline  fulphurets.  Car- 
bon^, phofphorus,  fulphur  and  moft  of  the 
metals  produce  the  fame  effeft,  either  by  the 
aid^  of  caloric,  or  even  by  fnnple  contaft,  as  is 
^Werved  with  feveral  of  the  laft  mentioned  fub- 
ftances: heated  with  carbon  in  a  retort,  the 
arfenical  acid  inflames  the   carbon,  and  paffes 

into 
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into  the  metallic  (late.  Sulphur  heated  with  the 
arfenical  acid,  puffs  up,  is  converted  partly  into 
fulphuteous  acid  gas,  and  partly  fublimes  into 
red  fulphuret  of  arfenic ;  heated  with  phofpho- 
rus,  it  converts  a  portion  of  it  into  phofphoric 
acid;  and  having  become  arfenic,  it  unites  with 
another  portion  of  the  phofphorus,  with  which 
it  forms  phofphoret  of  arfenic,  which  fublimes. 
Arfenic,  or  the  metal  itfelf,  heated  with  arfenical 
acid,  deprives  it  of  a  portion  of  its  oxigen; 
and  the  two  fubfttoces,  united  reciprocally  in  an 
equilibrium  of  oxidation,  pafs  together  into 
the  common  and  uniform  ftate  of  arfenious  acid. 

6.  The  arfenical  acid  is  much  more  foluble 
in  water  than  the  arfenious  acid;  it  requires 
not  more  than  three  or  four  parts  M^ater,  in  order 
to  become  well  diffolved  and  fluid ;  it  cannot 
by  any  means  be  cryftallizcd,  and  when  evapo- 
rated, it  aflumes  a  thick  confiftence  like  that  of 
honey.  It  does  not  acl  in  the  cold  upon  the 
oxides,  which  difcompofe  it  at  a  high  tempera- 
ture; it  combines  with  various  metallic  oxides, 
as  fliall  be  fliown  more  at  length  under  the  fub- 
iequent  articles. 

7.  None  of  the  acids  exert  any  aftion  upon 
the  arfenical  arcid :  though  fome  of  them  dilibl  ve 
it  by  means  of  their  water  and  their  liquid 
ftate,  tliey  do  not  induce  any  alteration,  in  it. 
The  boracic  and  phofphoric  acids,  with  the  aid 
of  fire,  enter  with]  it  into  the  ftate  of  vitrifi- 
cation, feut  without  mutually  changing  the 
iwture  of  each  other.     The  phofphorcous  acid, 

when 
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vrheti  heated  for  fotne  time  upon  arfenical  acicJ, 
faturatfcs  itfelf  ^yith  oxigen,  and  becomes  phof-- 
phoric  acid. 

8.  The  arfenical  aeid  combines  with  all  the 
earthy  and  alkaline  bafes,  forming  falts  very 
different  from  thofe  afforded  by  the  arfenious 
acid.  All  the  earthy  and  alkaline  arfeniates  are 
decompofable  by  carbon,  which,  with  the  aid 
of  heat,  feparates  arfenic  from  them.  The  arfe- 
niate  of  barites  is  infoluble,  uncryflallizable, 
foluble  in  an  excefs  of  its  acid,  decompofable  by 
Sulphuric  acid,  which  precipitates  fulphatfe  of 
tarites  from  it.  The  arfeniate  of  flrontian  i» 
not  known,  but  it  is  ceitainly  analagous  to  that 
of  barites* 

9.  Poured  into  lime-water,  the  arfenious  aeid 
forms  in  it  a  precipitate  of  lime  foluble  in  an 
excefs  of  its  bafe,  or  an  excefs  of  its  acid,  though 
it  be  infoluble  alone.  Tlie  acidulous  arfeniate 
of  lime  yields,  by  evaporation,  fmall  cryflals 
that  are  decompofable  by, the  fulphuric  acid^ 
The  fame  fait  is  formed  with  the  carbonate  of 
lime,  introduced  into  the  folution  of  arfenical 
acid.  This  acid  does  not  decompofe  the  nitrate 
and  muriate  of  lime,  but  the  faturated  alka- 
line  arfeniates  decompofe  them  by  a  double  at- 
tmdion,  and  precipitate  from  them  infoluble 
calcareous  arfeniate. 

10.  When  we  faturate  the  arfenical  acid  with 
magnefia,  a  thick  fubflance  is  formed  as  it  ap^ 
preaches  the  point  of  faturation.  This  mag- 
nefian  arfeniate  is  foLuble  in  an  excefs  of  acid  j 

by 
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by  evaporation  it  affttmcs  the  form  of  a  jelly, 
vithout  •  cryftallizing.  The  arfcnical  acid  de- 
compofes  neither  the  fulphate,  nor  the  nitrate, 
nor  the  muriate  of  magnelia ;  this  decompofi- 
tion  is  .effe€ted  only  by  the  faturated  alkaline 
arfeniates. 

11.  The  arfenical  acid  faturated  with  potafh, 
does  not  cryftallize;  evaporated  to  drynefs,  the 
arfeniate  of  pot-aih  attrads  the  humidity  of  the 
attnofph^re^ ;  it  turns  the  fyrup  of  violets  green,: 
but  does  not  alter  the  tinfture  of  tiirnfole.  This 
fait  melts  into  a  white  glafs;  the  contaft  of  the 
filex  and  aluiiiine  of  the  crucible  over  a  ftrong 
fire,  caufes  it  to  paCs  into  the  acidulous  ftate, 
of  which  I  Ihall  fpeak  immediately.  It  puffs  up 
violently  and  yields  well- fublimed  arfenic,  when 
heated  with  carbon  to  rednefs  in  clofe  veffels ; 
it  i&  decompofed  by  the  fulphuric  acid,  wliich 
difengages  the  arfenical  acid  from  it:  this  de- 
compofition  is  not  perceptible  by  the  humid  way, 
becaufe  the  arfenical  acid  is  not  feparatedin  the 
folid  form,  but  remains  in  folution ;  but  we  find 
fulphate  of  pot-aih  and  the  laft-mentioned  acid 
in  the  mother  water,  on  evaporating  the  liquid, 
Thcarfeniiite  of  pot-afli  decompofesthe  falts  that 
have  lime  and  magnefia  for  their  bafes,  andf  forms 
precipitates  of  calcareous  or  magnefian  arfeniate, 
in  their  folutions. 

12.  If  we  add  arfenical  acid  to  the  preceding 
fait,  till  it  na  longer  alters  the  colour  of  violets, 
it  (till  reddens.that  of  turnfole;  it  yields  very  re- 
gular and  tratifparent  cryftals  in  quadrangular 

..You:V.  I  prifms, 
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prifms,  terminated  by  two  tetrahedral  pyramids, 
the  angles  of  which  anfwer  to  thofe  of  the 
prifms:  this  is  the  neutral  arfenical  fait  of 
Macquer.  It  is  this  fait  which  is  obtained  by 
decompofing  the  nitrate  of  potafh  with  the  ar- 
fenious  acid  in  equal  parts ;  in  order  to  diftiur 
guifli  it  from  the  preceding,  it  ought  to.be 
termed  the  acidulous  arfeniate  of  potafli;  it 
differs  from  the  other  not  only  by  its  cryftalliza- 
bility,  but  alfo  by  the  circumftances,  that  it  does 
not  decompofe  the  calcareous  and  magneiian 
falls,  as  that  docs;  that  it  reddens  the  blue  co- 
lours, and  that  it  is  capable  of  abforbing  a  new 
portion  of  potafh,  fo  as  to  pafs  into  the  neutral 
flate.  Thefe  two  falts,  like  all  the  following, 
are  decompofed  by  barites,  firontian,  lime  and 
magnefia. 

13.  The  arfenical  acid,  combined  with  foda  to 
faturation,  forms  a  fait  which  cryftallizes  like 
the  preceding:  Scheele  already  compared  this 
fait  with  the  acidulous  arfeniate  of  pot-afh. 
Pelletier  fays,  that  tlie  arfeniate  of  foda  cryf- 
tallizes in  hexahedral  prifms,  terminated  by 
planes  perpendicular  to  their  axes.  For  the 
refl,  the  habitudes  of  this  fait  are  the  fame  as 
thofe  of  the  arfeniate  of  potafli,  in  its  decompo- 
fition  by  carbon,  the  acids,  and  the  earths; 
Scheele  remarks,  that  if  we  add  arfenical  acid 
to  it,  inftead  of  cryftallizing,  it  becomes  de- 
liqUefcentr  this  is  a  property  diametrically 
oppofite  to  that  which  obtains  in  the  arfeniate  oF 
pot-afh.  ''       '  :       ;  . 

14  Xfom- 
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14.  Combined  with  ammonia,  the  arfenical 
acid  forms  a  fait  which  yields  rhomboidal  maffes 
analogbus  to  the  ctyftals  of  nitrate  of  foda. 
The  arfeniate  of  ammonia,  which  is  alio  the 
produft  of  the  nitrate  of  ammonia  decompofcd 
by  the  arfenious  acid,  is  decompofablc  in  two 
different  ways  by  the  aftion  of  caloric.  If  we 
heat  it  gently,  the  ammonia  is  difcngagcd,  and 
the  arfenical  acid  is  left  in  a  pure  ftate.  If  Me 
cxpofe  it  to  a  ftrong  and  briik  fire,  part  of  the 
volatile  alkali  and  of  the  acid  mutually  decom* 
pofe-  each  other;  Mater  is  formed,  azote  gas  is 
drfengaged,  and  arfenic  is  fublimed  of  a  brilliant 
appearance.  Barites,  firontian,  lime,  the  two 
alkalis,  decompofe  the  arfeniate  of  ammonia, 
and  feize  upon  its  acid.  Magnefia  decompofes 
it  in  part,  and  forms  a  triple  fait  with  a  portion 
of  this  fait. 

15.  The  arfenical  acid  faturated  M'ith  alumine, 
forms   a  thick  folution,  M^hich,  evaporated  to 
drynefs,  yields   a  fait  infoluble  in  water,  and 
dccompofable    by    the    fulphuric,    nitric,  and 
muriatic  acids,  as  well  as  by  all  the  earthy  and 
alkaline  bafes.     The  arfenical  acid  alfo  precipi- 
tates none  of  the  aluminous  falts  formed  with 
thefe  acids.     The  arfenical  acid,  by  its  fufion, 
eafily  diffolves  the  alumine  of  the   crucibles; 
it  alfo  attacks   filex ;  but  it  efFe6is  no  altera- 
tion in  thefe  fubftances  by  the  humid  way.  The 
combination  of  this  acid  with  zircone  is  not 
known. 

12  16.  With 


/ 


1I5  ARSENICAL   ACID. 

I 

1 6.  With  the  aid  of  a  ftrong  heat,  the  arie-*- 
nical  acid  decompofes  the  alkaline  and  earthy 
fulphates^  even  the  fulphate  of  b^rites  ;  the  ful- 
phuric  acid  is  difengaged  in  the  ftate  of  vapour,, 
and  arfeniates  remain  in  the  retort ;  it  afts  in 
the  fame  manner  upon  the  nitrates,  from  which 
it  difengages  the  pure  acid ;  at  a  high  tempera- 
ture, it  alfo  deconipofes  the  muriates,  difengag- 
ing  the  hiuriatic  acid  in  the  form  of  gas  ;  it 
unites  with  their  bafes,  which  it  faturates : 
this  cannot  be  done  by  the  arfenious  acid, 
for  it  is  too  volatile  to  produce  fuch  an  efFe6i;. 
It  acts  in  the  fame  manner  upon  the  fluates, 
and  with  much  greater  facility  upon  the  car- 
bonates, with  which,  by  heat,  it 'produces  a 
lively  eifervefcence-  It  exerts  no  aftion  upon 
the  phofghates,  and  it  precipitates  the  boracic 
acid  from  hot  folutions  of  the  borates. 

17.  The  proportions  of  the  principles  of  the 
arfenical  acid  are  hitherto  unknown ;  its  refpec- 
tive  quantities  of  arfenic  and  oxigen  have  not 
yet  been  afceiiained,  no^  more  than  thofe  which 
compofe  the  arfenious  acid.  However,  there 
is  every  reafon  to  believe,  that  the  firft  contains 
oxigen  in  the  proportion  of  at  leaft  a  fixth  part 
of  its  weight,  whilft  the  arfenious  acid  perhaps 
does  not  contain  more  than  a  twelfth. 

18.  The  arfenical  acid  is  not  yet  applied 
to  anyufe  in  the  arts,  at  leaft,  not  in  a  direft 
manner :  we  lliall  fee  hereafter  that  it  forms  an 
ingredient  in  certain  compolitions  for  dyeing; 
it  is  alfo  one  of  the  mineralizing  acids  which 

nature 
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nature  has  combined  with  fonie  metallic  oxides. 
It  is  prepared  in  chemiftry  for  the  piirpofes  of 
experiments  and  demonftrations  belonging  to 
this  fcience.  When  its  nature  fliall  have  been 
better  ftudied,  it  will,  very  probably  become  of 
great  utility  in  manufaftures. 


Article  III. 
Concerning  Twigjlen  and  its  Acid. 

Section  I. 
Concerning  the  Metal  Tungjien. 

A.  Hijlory, 

1.    THOUGH  Scheele  was  the  firft  chemiil 
vho  difcovered  and  announced  the  metallic  na-. 
tiire  of  tungften,  (a  name  at  firft  given  to  a  white, 
very  tranfparent  mineral,    which  contains  the 
acidified  metal  united  to  lime,  and  which  name 
was  afterwards  transferred  to  the  metal  itfelf :) 
though  Bergmann  in  the  fame  year  1781,  con- 
firmed the  difcovery  of  Scheele  ;  yet,  we  muft  re- 
ferour  firft  knowledge  of  its  metallic  properties  to 
MefTrs.  D'Elhuyar,  Spanifli  cheraifts,  who  hav- 
ing difcovered  the  fame  metal  in  the  mineral 
called  wolfram,  obtained  it  fufticiently  reduced 
to  exhibit  feveral  of  its  charaflers.     Since  their 
^ime,  Mr*  Angulo  has  repeated  their   experi- 
ments. 
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ments,  and  obtained  the  fame  refults  at  Dijon 
in  the  laboratory  of  the  academy; 


B.   'Phyjical  Properties, 

^.  The  metal  hitherto  obtained,  ortungftcn, 
had  the  fqrm  of  a  button  compofed  of  very 
brittle  fmall  globules  of  the  grey  colour  of  fteel ; 
its  fpecific  gravity,  17,6:  fo  that  it  has  a  den- 
fity  intermediate  between  gold  and  mercury* 
It  is  fo  difficult  of  fufion,  that  it  even  exceeds 
manganefe  in  this  intractability^  and  confe- 
quently  it  is,  Av^ith  platina,  one  of  the  moft  in- 
fufible  of  metals.  Citizen  Guy  ton  has  given 
it  the  fifth  rank  for  its  hardnefs ;  he  places  it 
with  zinc  as  to  brittlenefs,  and  confequently, 
according  to  his  ftatement  it  is  lefs  brittle  than 
bifmutl). 


C.  Natural  Hijiori/, 

3.  It  has  not  yet  been  found  native,  nor 
alloyed,  nor  coinbined  with  combuftibles,  nor 
united  with  acids  ;  it  has  only  been  found  in  the 
acid  ftate  combined  with  lime,  with  iron  and 
manganefe,  and  with  lead. 

4.  The  firft  of  thefe  combinations  is  the 
tungften  of  the  Swedes;  the  feeond  is  named 
wolfram ;  and  the  third,  the  yellow  ore  of  lead. 
It  is  more  natural  to  fpeak  at  fome  length 
refpeding  the  hiftory  of  the  tungftic  acid  itfelf, 
which  is  much  more  advanced  than  that  of  the 

pietal 
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metal  which  compofes  its  radical ;  and  alfo  its 
combination  with  iron  and  lead. 


D.  Assay  and  Metallurgy  of  the  Ores  of  Tuugjfen. 

5.  The  affay  of  thefe  ores  is  made  lefs  with  a 
view  to  feparate  the  metal  than  to  prove  the 
prefence  of  its  acid,  becaufe  the  inte^ition  of  the 
operator  is  ratlicr  to  obtain  the  acid  than  the 
metal.  It.  is  ufual,  therefore,  to  treat  the  metal 
Alppofed  to  contain  native  tungftate  of  lime  with 
the  nitric  and  muriatic  acid;  thcfe  acids,  when 
heated  to  a  certain  degree  upon  this  fubftance, 
eonvert  it  to  a  yellow  colour,  if  it  contain  the 
tungftic  acid;  a.nd  it  is  to  this  fimple operation, 
which  in  truth,  is  nothing  mdre  than  its  minera- 
logical  charafter  that  the  affay  of  this  ore  is 
Qonfined, 

6.  No  tnetallurgic  works  have  yet  been  car^ 
ried  on  ^ith  the  ores  of  tungften.  Though 
fome  of  them  have  been  found  already  in  fuffi- 
cient  abundance,  no  procefs  .has  as  yet  been 
undertaken,  neither  in  the  art  of  extracting  the 
metal  in  the  large  way,  whicfi  would  prove  ex- 
tremely difficult  on  account  of  its  infolubility, 
nor  on  that  of  preparing  or  extrading  any  ufcr 
fill  matter  from  it, 

7.  In  order  to  pbtoin  the  metal  in  the  chcr 

mical  labgratories,  which   has   not   yet    been 

performed,    but    on    a   vpry   fmall    fcale,   the 

tungftic  acid  is  feparated  from  the  ores  by  the 

proce&  def cribed  in  the  next  paragraph,  theii 

mixed 
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mixed  with  charcoal,  and  urged  by  heat  in  a  char- 
coal crucible.  A  very  ftroug  heat  is  required 
for  its  redu6liori  and  fufion ;  accordingly,  tfiis 
has  been  efFefted  only  in  very  fmall  quantities, 

E.  Oxidabilit}/  by  the  Air, 

9'  The  chemifts  who  have  hitherto  fpoken  of 
the  tungften  metal,  agree  in  conlidering  it  as 
very  eafy  to  be  oxided.  It  is  not  known,  how-^ 
ever,  whether  it  burhs  when  expofed  to  the  iair; 
but  when  hieated  with  the* coiita6l  of  that  flurd, 
it  appears  to  change  very  fpeedily  into  ^  yeU 
low  oxide,  which  becomes  blueifh  by  aftrongef 
heat/  tinges  vicreous  fluxes  white,  ^  or  blue, 
and  fpeedily  paffes  to  the  ftate  of  tungftie  acid 
by  a  more  advanced  oj^idation.  The  pvopdr-^- 
tion  of  oxigen  which  it  abforbs  before  it  becomes 
Dxidcd  or  acidified,  has  not  bfeen  determined. 
Citizen  Guyton.  found  that  its  oxide  adheres 
llrongly  to  vegetable  colours,  and  fixes  them. 


\" 


F^  Union  with  Combtiftibles, 

9.  It  is  abfolutely  unknown  whether  there 
be  any  poflible  combinations  between  azote, 
hidrogen,  carbon,  and  the  rmetallic  tungften. 
Neither  are  thoie  combinations  better  known, 
which,  doubtlefs,  it  is  capable  of  forming  with 
phoiphorus  and  fulphur.  The  fmall  quantities 
^litherto  obtained,  have  not  admitted  of  trials 
being  made,  except  with  a  few  of  its  metallic 

alloys. 
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alloys,  becaufe  this  kind  of  attra6lion  has 
^afforded  a  more  eafy  means  of  its  redu6Hon. 
It  is  known,  that  when  united  with  iron  and 
withfilver,  with  which  it  eafily  combines,  it 
changed  their  properties  in  a  very  fingular 
manner. 


G.  ABion  upon  Water  and  the  Oxides* 

10.  Nothing  has  yet  been  done  to  afcer- 
tain  the  changes  which  water  and  the  various 
oxides  might  be  capable  of  by  tungften.  No- 
thing, therefore,  can  yet  be  aflumed  in  this 
refped  to  chara6lerize  this  new  metal  fo  little 
known,  which  has  hitherto  been  obtained  in  a 
very  fmall  quantity  :  its  eafy  oxidability,  and 
its  great  tendency  to  become  acidified,  fhow, 
that  it  would  feize  oxigen  from  feveral  other 
oxides. 


H,  AHion  upon  the  Acids* 

11.  The  firft,  and  the  only  affays  which 
have  yet  been  made  upon  the  mutual  a6lion  of 
tungften  and  the  acids,  and  which  are  few, 
as  well  as  m oft  of  what  has  been  done  refpefting 
this  metal  by  Meffrs.  D  'Elhuyar,  iho w  that 
this  metal  is  infol^ble,  and  almoft  intradtable 
by  the  three  moft  powerful  afcids,  the  fulphuric, 
nitric,  and  muriatic ;  and  that  it  is  only  (lightly 
attacked  by  the  nitro-muriatic  acid. 

IS/ If 
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12.  If  this  Angular  refiftanee  to  the  ftrongeft' 
OP  moft  decompofable  acids  were  well  founded 

with  regard  to  tungften,  it  would   iliow  a  re- 

femblance  to  gold  and  platina.     Neverthelefs, 

I  niuft  obferve,  that  this  unchangeablenefs  does 

not  agree  with  what  the  fame   chemifts  have 

affirmed  refpecling  the  oxidability  of  this  metal 

by  the  air,  affifted  by  caloric,  and  confequently, 

that  it  deferves  to  be  confirmed  and  eftabliflied 

by  new  experiments.     Nothing  has  yet  been 

obferved  refpeding  the  aftion  of  the  oxigenated 

muriatic  acid,  which  a6ls  on  the  moft  obftinate 

metals,  and  ought  by  eafily  oxiding  this  metal 

to  convert  it  into  tungftic  acid. 

I.  ABion  on  the  Bafes  and  the  Salts. 

13.  Metallic  tungften  has  not  yet  hcen 
treated  by  the  earthy  and  alkaline  bafes,  nor 
by  the  falts;  we  may,  neverthelefs,  conclude 
from  the  a6lion  of  nitric  acid,  if  not  upon  the 
metal,  at  leaft,  upon  its  firft  oxide,  which  it 
Ipeedily  acidifies,  that  the  nitrates  and  the 
fuper-oxigenated  muriates,  affifted  by  an  ele- 
vated temperature,  would  caufe  it  to  pafs  to  the 
ftate  of  acid  ;  and  that  performed,  would  afford 
tunffftates  as  the  refults  of  this  adion. 


^.  VJcs, 
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K.    Vfcs. 

14.  NoTHiNohasj^et beenobfcrved  refpcding 
the  ufes  of  a  metal  fo  little  kilown  or  ex- 
amined as  tungften.  No  trial  has  yet  been 
made  with  regard  to  its  ufefiil  properties. 
We  may  even  fear,  that  its  reduction  and  fufion 
being  fo  difficult,  would  render  it  fo  intraftable 
as  not  to  be  ufed  but  with  great  difficulty. 

Neveithelefs,  it   is    proper  that  we  fhould 
indulge  in  the  hope  that  the  arts  being  at  fome 
future  period  directed  to  this  metal  ftill  fo  new, 
and  of  which  nature  offisrs  fo  abundant  a  quan- 
tity in  the  ore  called  M'^olfram,  may  difcover 
procefles  of  greater  fimplicity  than  thofe  we  yet 
poffefs  to  obtain  the  metal  in  the  large  way ; 
and  we  may  indulge  an  expeftation  at  the  fame 
time,  that  this  metallic  fubftance  may  become 
very  ufeful  in  many  operative  proceflbs.     This 
conclufion  very  naturally  prefents  itfelf  from 
the  few  properties  already  difcovered  in  tung- 
ften, namely,  its  eohfiderable  hardnefs,  its  par- 
tial duftility,    in  which  it  approaches  to  zinc, 
its  infufibility,  even  its  unchangeablenefs  by 
acids,  and  the  property  of  its  oxide  to  unite 
with  vegetable  colouring  matters,    to  render 
them  fixed  and  not  liable  to  change.     Chemifts 
ought,  therefore,  to  redouble  their  efforts  in  the 
examination  of  this  metal,  of  which  the  hiflory 
muft  be  confidered  as  fcarcely  brought  to  an 

out- 
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outline.     We  fhall  find,  that  the  acid  has  been 
mnch  more  attentively  examined. 


_f 


-  Section  II. 

if 

Concerning  the  Tungjlic  Acid, 

1.  AS  Scheele  and  Bergmann,  in  their  exami* 
nation  in  1781  of  the  heavy  ftbne  or  tungfteu 
of  the  Swedes,  difcovered  that  it  is  compofed  of 
lime,  faturated  with  a  peculiar  acid:  as  their  dif- 
covery  has  fince  been  confirmed  by  various  che* 
mifts,  and  particularly  ^luch  extended  by  the 
refearches  of  Meffrs.  D'Elhuyer,  which  by  fliow- 
ing  the  prefence  of  this  acid  in  wolfram,  has 
aflPorded  means  to  chemifts  of  procuring  it 
more  abundantly  ;  it  is  not  aftonilhing,  that 
the  properties  of  the  acidified  tungften  Ihould 
have  been  much  more  ftudied  than  the  me- 
tallic tungften,  and  that  we  ihould  poflefs  a 
greater  mafs  of  knowledge  refpefting  the  one 
than  the  other. 

§♦  It  was  very  natural  to  defignate  this  acid 
by  the  name  of  tungftic,  after  the  Swedifh  word, 
which  reprefents  its  native  combination  with 
lime.  In  the  French  nomenclature  the  G  is  ex^ 
punged  from  the  word,  to  render  the  pronun-» 
ciation  more  foft  and  eafy, 

3.  This  acid  is  not  artificially  compofed,  be» 
caufe  nature  prefents  it  in  the  tungftate  of  lime 
and  of  iron.     The  firft  is  treated  by  reducing  it 

to 
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to  very  fine  powder,  diffolving  the  lime  by  the 
nitric  or  muriatic  acid,  and  afterwards  with  al- 
kalis, which  diffolve  the  acid :  the  alkaline  folu* 
tions  of  the  tungftates  are  precipitated  by  the 
nitric  or  muriatic  acid ;  and  this  precipitate  is 
thefolidtungftic  acid  which  is  kept  to  be  formed 
into  new  combinations.  It  may  be  extrafted 
from  the  native  tungftate  of  lime,  in  the  quantity 
of  0,  68- 

4.  The  tungftic  acid  may  alfo  be  obtained  from 
the  tungftate  of  lime  by  another  procefs.  for 
which  we  are  indebted  to  Scheele,  as  well  as  for 
the  foregoing.  It  confifts  in  fufmg  in  a  crucible, 
one  part  of  tungftate  of  lime  with  four  parts  of 
carbonate  of  pot-afli :  tha  latter  unites  with  the 
tungftic  acid,  while  the  carbonic  acid  feizes  the 
lime;  fo  that  the  produ6l  of  this  fufion  is  a 
mixture  of  tungftate  of  pot-afh  which  is  foluble, 
and  of  carbonate  of  lime.  This  mafs  is  lixi- 
viated with  twelve  parts  of  boiling  water,  and 
upon  the  folutiqn  nitric  acid  is  poured,  ^nd  the 
precipitated  acid  is  afterwards  well  waflied, 
Therefidue  of  the  aqueous  fdlution  contains 
carbonate  of  pot-afh  and  tungftate  of  lime,  not 
yet  decompofed.  The  former  is  feparated  by 
nitric  acid,  and  the  undiflblved  portion  is  again 
treated  with  four  parts  of  carbonate  of  pot-a£h. 
In  this  manner  an  exa^l  analyfis  of  native  tung- 
ilate  of  lirtie  may  be  made. 

5.  In  order  to  extra6l  the  tunftic  acid  from 
the  tungftate  of  lime  and  native  inanganefe,  this 
ore  is  mixed  in  powder  with  two  or  three  times 

its 
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its  weight  of  nitrite  of  pot-afh.  This  mixture 
is  detonated  by  proje^ing  it,  a  fpoonful  at  a 
time,  into  an  ignited  crucible,  or  by  heating  it 
in  a  veffel  fufficiently  large  to  prevent  its  boil- 
ing over.  When  the  detonation  is  finiihed,  the 
matter  is  lixiviated  in  diftilled  water,  which  dif- 
folves  the  tungftate  of  pot-afh  thus  formed,  and 
from  thisfolution  thetungftic  acid  is  precipitated 
in  the  form  of  a  M'hite  powder,  by  an  exc6fs  of 
muriatic  acid,  and  this  poM^der  muft  be  waihed 
witlj  water  till  the  fluid  comes  off  tailelefs. 
The  latter  preparation  is  rather  more  difficult, 
and  frequently  affords  an  acid  rather  lefs  pure, 
than  the  former;  but  by  treating  it  with  the 
muriatic  acid,  it  may  be  deprived  of  all  its 
manganefe  and  iron,  and  reduced  to  a  very 
white  and  pure  ftate.  The  abundance  of  tung- 
ftate of  iron  in  France,  where  the  tungftate  of 
lime  has  not  yet  been  found,  muft  engage  the 
French  chemifts  to  bring  thefe  proceffes  for  ex- 
trading  the  tungftic  acid  to  perfedlion.  It  con*s 
tains  it  in  the  proportion  of  0,64. 

6.  The  tungftic  acid  thus  prepared,  has  the 
form  of  a  wliite  powder,  of  a  fharp  metallic  and 
weakly  acid  tafte.  Its  fpecific  gravity  indicated 
by  Bergmann,  is  3,  600.  It  reddens  the  tin6ture 
of  turnfole. 

7.  When  heated  by  the  blow-pipe,  the  tungftic 
acid  firft  becomes  yellow,  then  brown,  and  at 
laft  black.  It  emits  no  fumes,  nor  does  it  ex- 
hibit any  fign  of  fufion.     When  it  is  calcined 

for 
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for  a  time  in  a  crucible,  it  lofes  its  quality  of 
being  diffolved  in  water. 

8.  It  undergoes  no  perceptible  change  in  the 
air;  It  is  foluble  in  twenty  parts  of  boiling 
water,  and  a  portion  feparates  by  cooling.  This 
folution  is  four  and  reddens  the  tindure  of 
tumfole. 

9..  When  heated  with  charcoal  it  paffes  again, 
though  with  difficulty,  to  the  metallic  ftate : 
with  futjphur  it  becomes  grey,  without  reduftion, 
as  is  alfo  the  cafe  with  phofphorus.  It  preci- 
pitates the  alkaline  fulphurets  of  a  green  colour. 
It  appears  to  be  decompofable  by  various  metals ; 
for  if  a  Anall  quantity  of  muriatic  acid  be  added 
to  its  folutiott  in  water,  and  a  few  drops  be  laid 
upon  a  polilhed  plate  of  zinc,  tin,  or  iron,  it 
leaves  a  blue  fpot.  The  fame  blue  colour  is 
manifefted  when  thofe  metals  are  plunged  in 
its  folution. 

•  10."  iTie  acids  do  not  diflblve  the  white  and 
pulverulent  tungftic  acid,  but  they  alter  its  pro- 
perties in  a  remarkable  manner,  which  is  not 
yet  well  undetftood.  The  boiling  fulphuric 
acid  renders  it  blue,  in  which  property  it  re- 
fembles  the  molybdic  acid  j  the  nitiic  and  mu- 
riati'c  acids  caufe  it  to  aftume  a  fine  yellow  co- 
lour. In  this  laft  ftate  the  tungftic  acid,  accord- 
ing to  the  obfer^'^ation  of  Meffrs.  D'Elhuyar, 
lofes  its  tafte,  its  folubility,  and  acquires,  with 
^  much  greater  fpecific  gravity,  the  property  of 
forming  with  the  bafes,  falts,  which  are  different 

from 
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from  tliofe  of  the  white  apid.  The  Spatiifh 
chemifts  were  of  opinion,  that  tlie  white  acid 
before  defcribed,  is  a  triple  aciduloua  fait,  and 
that  the  yellow  is  the  pure  tungftiq  acid.  Bu* 
there  is  one  obfervation  which  proves,  that  ixi 
this  yellow  Hate  it  has  loft  its  four  tafte,  con* 
trary  to  the  firft  affertion,  which  is  not  in 
other  refp^6ts  fupported  by  fufficient  exp^eri- 
niental  proofs.  The  yellow  colour  which  the 
tungftic  acid  affumes  with  the  nitric  and  mur 
riatic  acids,  is  one  of  its  moft  evident  -fpecific 
chara&ers. 

11.  \The  tungftic  acid,  fonns  with  barites  an 
infoluble  fait,  as  well  as  with  magnefia.  Wl^ep 
its  folution  is  thrown  into  lime-water  it  affords 
a  precipitate  of  tungftate  of  lime,  fimilar  tp 
that  found  in  the  native  ftate,  and  as  infolu- 
ble. With  pot-afli  a  fait  is  obtained  which 
affords  very  fmall  cryftals  ;  tungftate  of  foda 
has  not  yet  been  defcribed  or  announced. 
When  faturated  with  ammonia  the  tungftic  acid 
forms  a  fait  whiqh  cryftallizes  in  very  fmall 
needles,  from  which  the  volatile  alkali  cfcapes 
by  the  aftion  of  fire.  It  changes  into  a  dry 
yellowifti  powder ;  the  ammoniacal  tungil^te  d^r 
compofes  the  nitrate,  and  the  muriate  of  limje, 
and  precipitates  them  in  the  forpi  of  infoluble 
tungftate  of  lime.  Its  combinations  with  alu- 
mine  and  zircone  have  not  yet  been  examined* 

12.  The  tungftic  acid  does  not  precipitate  or 
decompofe  the  falts,  but  by  double  eleStivis 
attra6lion.     The  folixtions  of  the  alkaline  tung- 

.2  dates 
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ftates  form  in  this  manner  precipitates  of 
earthy  tangfiates  in»  the  folutions  of  the  ful- 
phatesy  nitrates,  and  muriates  of  lime,  alumine, 
magnefia,  and  barites.  It  melts  with  the  phof- 
phates  and  borates,  to  which  it  gives  a  white 
or  a  green  colour. 

IS,  It  does  not  aft  as  a  folvent  on  the  me- 
tals; nevefthelefs  it  oxides  iron,  by  giving  out 
its  oxigen,  and  becoming  blue. 

1*.  It  is  not  yet  of  any  ufe.  Citizen  Guy- 
ton  has  already  propofed  means  of  rendering  it 
ufefiil  by  uniting  it  to  vegetable  colouring 
matters,  which  it  has  the  property  of  fixing 
and  rendering  folid.  We  fliall  again  treat  of 
this  property* 


Article  IV. 


Concerning  Molj/bdena  and  its  Acids. 

Section  I. 
Concerning  the  Metal  Molybdeiia. 


A.  HiJloTy. 

■# 

1.  THE  name  of  tnolybdena  which  was  for»- 

mcrly  fynonymous  with  that  of  plumbago  or 

black   lead,    or    the    natural   combination  of 

iron  and  charcoal,   or  carburet  of  iron,  dfe- 

•  Vol.  V.  K  where 
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where  to  be  treated  of,  is  at  prefent  given  to  a 
brittle  and  acidifiable  metal  of  which  the  ore 
was  confounded  with  that  coaly  fubftance. 
Though  Pott,  Quift,  and  fome  other  chemifb, 
originally  pointed  out  fome  differences  in  the 
properties  of  the  ore  of  molybdena,  and  the 
carburet  of  iron,  moft  naturalifls  had  not  fuffici- 
ently  diflinguiihed  thefe  two  fubflances.  Many 
confidered  them  as  one  and  the  fame  fubftance, 
and  they  wefe  fold  under  the  fame  denomina* 
tion  till  ScHeele,  in  1778,  publiihed  in  the 
volumes  of  the  Stockholm  academy  a  memoir 
in  which  he  ihowed  that  the  fubilance  called 
molybdena  is  very  different  from  the  carburet 
of  iron,  and  contains  a  combination  of  fulphur, 
with  a  fubftance  which  he  took  for  a  peculiar 
aqid*  Pelletier  fince  repeated  all  his  experi- 
ments, and  added  many  others,  in  a  memoir 
publiihed  in  the  Journal  de  Phyfique  1789,  in 
which  he  proves  that  the  molybdena  of  the 
mineralogifls  is  a  combination  of  a  peculiar  Me- 
tal and  fulphur,  and  that  by  treating  it  in 
fevefal  different  methods,  all  of  which  feparate 
the  fulphur  imd  oxigenate  the  metal,  Scheele 
had  formed  and  not  obtained  the  acid.  At  the 
fame  time  he  not  only  confirmed  the  difcoveries 
of  Scheele  refpeding  the  molybdic  acid,  but 
he  pointed  out  many  of  its  properties  which 
had  efcaped  the  Swedifh  chemifl.  Since  thefe 
experiments  which  have  been  admitted  and 
verified  by  all  chemifls  the  metal  has  been 
named  molybdena ;  in  the  methodical  nomen- 
clature 
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ctature  its  ore  is  called  fulphuret  of  molyb- 
deua,  and  its  acid^  the  molybdic  acid. 


B.  Phjifical  Properties. 

2-  The  metal  tnolybdena  is  extremely  rare, 
and  very  difficult  to  be  obtained.  As  in  fe-- 
parating  the  fulphur  from  its  ore  it  oxides, 
and  very  eafily  becomes  acidified,  it  is  neceflary 
afterwards  to  decompofe  its  acid,  and  deprive 
the  tnetal  of  its  oxigen«  Scheele  when  he 
made  this  experiment  with  great  care  uiing 
Yarioiis  fol  vents,  never  could  fucceed  in  obtain-* 
ing  it  in  the  metallic  (late,  the  refults  of  his 
operations  having  been  only  a  black  powder  with* 
out  coherence,  and  without  brilliancy.  Berg'o 
manm  in  1791,  in  his  diflertation  on  the  metallic 
acids  announc^  and  wrote  the  fame  year  to 
Citizen  GuytOn,  that  Do6lor  Hielm,  formerly 
his  pupil  had  fucceeded  in  reducing  this  acid^ 
and  coUe^ing  a  fufficient  quantity  of  metallic 
molybdena  to  afcertain  its  true  chara£ler ;  but 
fince  this  notice  nothing  has  been  publiflied, 
ndther  on  the  procefs  of  Hielm,  nor  the  me- 
tal obtained  by  his  experiments.  Pelletier,  in 
his  experiments  on  the  redudion  of  the  oxides 
and  acid  of  molybdena  did  not  obtain  a  me* 
Tallic  bottom,  but  an  agglutinated,  blackt£b, 
friable  mafs,  poliefling  the  metallic  brilliancy, 
in  the  fra&ure;  of  which  fmatt  round  brilliant 
greyiih  graiii^  are  difcernable;  this  metal  ap- 
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•  •   •  • 


>■ 


pears  to  be  extremely  infufibl? ;  itsfpecific  gra- 
vity is  about  6,000.  _      _ 

C.Nat ural  Hijlory. 

3,  MoLYBDENA  has  not  yet  been  found 
except  in  the  ftate  of  fulphuret  and  that  of  acid 
As  in  this  latter  ftate  it  is  found  in  the  form  of 
falts  combined  with  the  metallic  oxides,  itmuft. 
be  treated  under  thofe  metals  with,  the  o:icid€s  of 
which  it  is  found  combined, 

4.  The  fulphuret  of  molybdena,  which  has 
long  been  confounded,  as  before  noticed,  with 
the  carburet  of  iron,  differs  neverthelefe  from 
it  in  many  refpefts.  It  is  lefs  grcafy  to  tfic 
touch,  more  hard,  lefe  granulated,  more  bril- 
liant,- lefs  dull,  and  confiderably  more  in- 
clining to  blue.  As  it  is  formed  of  large  icaly 
plates,  lying  one  upon  another,  with  little 
adhefion,  which  may  be  feparated  from  each 
other,  or  even  cut  with  a  knife,  it  foils  the 
fingers  lefs  than  the  carburet  of  iron,  and  leaveg 
upon  paper  blueifh,  or  filvery-grey  traces-  lefai 
deep  and  coloured  than  thofe  of  plumbago;  It 
is  difficult  to  pulverize  on  account  of  the  elaf- 
ticity  of  its  plates.  Scheele  fucceeded  in  this 
operation  by  adding  cryftallized  fulphate  of 
pot-afli  to  it  m  the  mortar,  which  ^  he  after- 
wards wafhed  off ;  its  powder  is  blueift.  Citi- 
zen Haiiy  add*  to  its  diftinftive  charafters  the 
following  properties  :  the  fulphuret  of  molyb- 
d^na  communicates  to  refin  t^e  vitreous  elscf* 

^■\  tricity 


t 


trifeity  by  fridion,  whereas  the  carbntet  of  iron- 
confimunicates  none,  at  leaft,  when  its  metallic 
mark  is  left.  It  forms  on  pottery  ftrokes  of  a  yel- 
lowiih  grfeen,  whereas  thofe  from  the  carburet  of 
iron  have  its  ordinary  colour.  M,  Kirwan  efti- 
matds  that  the  proportions  of  the  component  parts 
of  fulphuret  of  molybdena  are  0,55  of  fu- 
Iphur,  and  0,45  of  metal. 

5.  As  chemifts  have  examined  the  fulphuret 
of  molyJDdena  much  more  than  the  metal  itfelf, 
I  am  obliged  in  each  of  the  following  numbers 
to  point  out  the  few  notions  I  have  been  able  to 
collect  refpediing  molybdena,  and  the  alterations 
which  iU  fiijphuret  undergoes  by  each  agent* 
For  want  of  information  refpe6ling  the  metal, 
I  fliall,  in  a  certain  manner,  fillthe  vacancies  of 
its  hiftory  by  announcing  the  properties  of  ful- 
phuret of  molybdena ;  and  I  fliall  obferve  in 
this  refpeft  that,  by  feparating  the  pffeds  mani-^ 
fefUy  due  to  the  fulphur  of  which  I  fliall  fpeak, 
the  others  are  really  phenomena,  owing  to  the 
{uetal  itfelf. 


D.  Jffiiy  and  Metallurgy. 


*~» . 


6,  Th»  fulphuret  of  molybdena  may  be  dif» 
tinguiihed  manifeftly,  airid  without  error,  after 
having  afcertained  the  phyfical  properties  befoBC 
defcribed,  together  with  that  when  treated  by 
the  blow-pipe,  it  emits  fulphur,  diftinguifliablq 
by  its  fmell,  and  white  fume,  which  con^ 
^eflfti^  iipon  the  neighbouring  gold  bodies  in 

plates 
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plates  or  cryftalli2!ed  needles,  of  a  yellowifh 
flame,  which  becomes  blue  by  conta^i  of  the 
interior  flame.. 

7.  The  fulphuret  of  moly bdena  is  not  treated 
in  tlie  large  way,  as  its  only  ufe  is  occafionally 
in  its  native  ftate,  or  pulverized,  inftead  of 
carburet  of  iron,  the  true  purpofe  of  which  it 
never  anfwers» 


£•  Oxidability  hy  Air. 

8.  MoLYBDENA,  heated  ^with  the  centa6i; 
of  the  air,  is  changed  at  an  elevated  tempera- 
ture into  a  white  volatile  oxide,  cryftallized  in 
brilliant  needles,  which  fpeedily  acquire  the 
acid  properties.  The  proportion  of  oxigen 
which  this  metal  abforbs  in  its  oxidation  has 
not  yet  been  determinecl'  This  oxide,  heated 
with  combuftible  bodies,  aflumes  a  dark  blue 
colour,  of  little  brilliancy,  approaching  towards 
the  metallic  fl;ate. 

9.  The  fulphuret  of  molybdena,  calcined  in 
a  large  crucible,  covered  with  a  veffel  of  the 
fame  kind,  aflbrded  Pelletier  white  brilliant 
needles,  which  rife  in  fublimation  like  thofe  of 
antimony,  and  which  he  found  topoflefsacid  cha- 
rafilers.  Sulphur  was  difengaged  before  this  mat- 
ter fublimed. 


F.  Umon 
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F.  Union  with  CombuftibU  Bodia* 

10.  MoLYBBENA  unites  very  well  with  ful- 
phur  by  heat,  and  again  forms  the  fulphuret  of 
molybdena.  Its  union  with  phofphorus  is  not 
known*  It  unites  with  the  metals,  and  renders 
them  granulated,  greyifli,  and  very  friable. 

G.  A3i(m  of  Water  and  the  Oxides. 

11.  The  a6iion  of  molybdena,  or  its  fulphu- 
ret, upon  water  and  the  metallic  oxides,  is 
unknown. 

H.  AQion  of  Acids. 

12.  The  aSion  of  molybdena  on  the  various 
acids  has  not  yet  been  appreciated.  It  is  only 
known  that  boiling  fulphuric  acid  oxides  it, 
and  the  nitric  acid  converts  it  into  molybdic 
acid. 

13.  Scheele  anfl  Pelletier  have  better  deter* 
mined  the  a6iions  of  fome  of  the  acids  upon 
the  fulphuret  of  molybdena.  The  boiling  ful- 
phuric acid  aifords  fulphureous  acid,  and  oxides 
the  metal.  Tlie  nitric  acid  diftilled  from  this 
fulphuret  bums  tlie  fulphur,  and  acidifies  the 
metal.  ^  Scheele,  by  treating  one  part  of  the 
fulphuret  of  niolybdena  five  fucceffive  times, 
with  fix  parts  of  nitric  acid,  a  little  diluted 
with  water  each  time,  obtained  in  the  retort 
^  white  powder,  which  was  a  mixture  of  ful- 


136  M0LVB;1>ENA. 

phuric  acid  and  molybdic  acid.  The  muriatic 
acid  has  no  adlion  either  on  the  metal  or  its  ore. 
The  arfenic  acid,  heatfed  in  the  retort  with  ful- 
phuret  of  molybdena,  burns  the  fulphur  into 
fulphureous  acid,  converts  a  portion  of  the 
metal  into  the  molybdic  acid,  leaves  another 
portion  in  the  ftate  of  metal,  and  itfelf  be- 
comes converted  partly  into  metal  and  partly 
into  fulphuret  of  arfenic.  Pelletier  made  ufe 
of  this  experiment  to  prove  that  molybdena 
poffeffes  the  metallic  ftate  in  its  pre. 


Section  I. 

AHion  on  the  Salifiable  Bafes  and  the  Salt^ 

X4.  THE  alkalis  diffolye  molybdenp,  and.fa- 
VQur  its  oxidation, .  whicli,  in  general,  is.  very 
eafy.  By  means  of  fire,  in  the  dry  way,  they 
form  with  the  fulphuret  of  molybdena  an  alka- 
liixe  fUlghuret,  ,whic)i  retains  the  metal  in  folu- 
tion.  ^yhiff  i^iop,  lias .  bepn  little  e:j¥^mii^f|,i 
apd  the  effe6i  ojf  the  earthy  matter^s  qp  giqlyjif- 
jdena,  qr  on  \t^  pre,  Iw  i^ofc . at  .all  been  jiq?, 
quired  into. 

15.  Among  the  felts  tbeereis  only  the^ nitrate 
of:  pot-afl),  ^o^  Ayhich»tl^iffmpde  of  ^6lion  upoif: 
fulpl^uret  pif  molybflenoi  hj^s  .been  deterpiijoed  ;\ 
but  it?  effpcl  on  the  metal  is  ftiU  unknown.  One 
pari  pf .  this. ore;  apd  four  p^rt§  pf  ujtie,  detf^^- 
jiate  i^  ^^jSf^ci^le^at  O',  red  heat,  .and  afford 
..:    .  a  reddiih 
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a  reddiib  maft.  This  mafs  by  lixiviation  leaves 
about  0rO2  of  red  0:8:  ide  of  iron,  and  affords  in 
the  fplution  fulphate  of  pot-afh,  undecompofed 
Qi|:re,  and  molybdate  of  pot-afli,  which  prove 
that  th^  fulphiir  ai>d  the  moly  bdena,  both  beings 
oxigenated:  to  their  maximum,  or  acidified, 
have  uiiited  i^ith  thie  bafe  of  nitre. 


K..  VJt$. 

16.  As  we  have  hitherto  obtained  but  a  fmaU 
portion  of  molybden^  it  has  not  yet  been 
treated,  except  flightly,  in  the  way  of  chenii-* 
cal  examinations )  it  has  not  been  applied  to 
any  uf^'  The  fulphiiret  of  molybdena  is  fome- 
times  fubftituted  in  the  arts  for  the  carburet 
of  iron,  .  with  >yhich  it  is  confounded  in  comr 
merce ;  but,  as  hks  been  before  obferved,  it  an* 
fwers  the  purpofe  of  that  fubftance  very  imper- 
feftly ;  fo  that  we  may  affirm,  that  its  ufes  are 
yet  unknown.  When  it  fhall  be  more  correftly 
examined,  and  its  properties  rendered  more  fa« 
miliar,  it  is  not  improbable  but  that  it  may  en- 
ter into  fosne  alloys,  and  that  its  blue  or  yellow 
oxide  may  be  ufed  as  a  pigment         ' 


Section  II. 

Concerning  the  Molybdk  Acid. 

1.  WE  have  already  feen  that  we  are  indebted 
to  Scheek  for  %\»  difcovcry  of  the.  moly bdic 

acid; 
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phuric  acid  and  molybdic  acid.  The  muriatic 
acid  has  no  action  either  on  the  metal  or  its  ore. 
The  arfenic  acid,  heatfed  in  the  retort  with  ful- 
phuret  of  molybdena,  burns  the  fulphur  into 
fulphureous  acid,  converts  a  portion  of  the 
metal  into  the  molybdic  acid,  leaves  another 
portion  in  the  ftate  of  metal,  and  itfelf  be- 
comes converted  partly  into  metal  and  partly' 
into  fulphuret  of  arfenic.  Pelletier  made  ufe 
of  this  experimeut  to  prove  that  molybdena 
poffeffes  the  metallic  ftate  in  its  pre. 


Section  I. 

AHion  on  the  Salifiable  Bafes  and  the  Salt^ 

.  '  '.'■'.  .     '         ■  ■  . ' 

H.  TH[E  alkalis  diffolye  molybdenp,  apd.fa- 

VQur  its  o^idatioui .  whicl^,  in  general,    is.  verj^ 
eafy.     By  means  of  fire,   in  the  djy  way,  they 
form  with  the  fulphuret  of  molybdena  an  alka- 
line fiilghuref, ,  whicji  retains  the  metal  in  folu- 
tion.     Jhi^  i^iop,  has .  been  little  exjan^inj^jj,^ 
apd  the  efFe6i  o^  the  earthy  i^iatter^s  qn^nalyl^t- 
dena,  or  on  its  pre,-  has  nofc ,  at ,  all  been  iq?, 
quired  into.  , 

15.  Among:  the  felts  there. is  only  the, nitrate 
of:  pot-afl),  .of  which > the t mode  of  ^ftion  upqif 
fulfjl^uret  of  molyb(|enai  has  ,been  deternaixued  ;i 
but  it3  eifjecl  on  the  metal  is  ftiU  unknown*  One 

Vf^^':yf^:hfiW^^-^^-  %  red  heat, ..  aqd,  affoji 
iiiwil^i  ^  reddiih 
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a  reddiih  mafs.  This  mafs  by  lixiviation  leaves 
about  0,02  of  red  o^ide  of  iron,  and  affords  in 
the  fplution  fqlphate  of  pot-afli,  undecompofed 
iii|;re,  and  molybdate  of  pot-afli,  which  prove 
that  th$  fulphur  and  the  moly bdena,  both  being 
ioxigenated  to  their  ma:(imun),  or  acidified, 
have  Ignited  w^th  this  bafe  of  nitre. 


l6.  A9  we  have  hitherto  obtained  but  a  fmaU 
portion  of  molybdenay  it  has  not  yet  been 
jkreated,  except  flightly,  in  the  way  of  cherair* 
cal  examinations ;  it  has  not  been  applied  to 
any  ufe.  The  fulphuret  of  molybdena  is  fome- 
times  fubfUtuted  in  the  arts  for  the  carburet 
of  iron,  with  which  it  is  confounded  in  comr 
mercej  but,  as  hks  been  before  obferved,  it  an* 
fwers  the  purpofe  of  that  fubftance  very  imper- 
feftly ;  fo  that  we  may  affirm,  that  its  ufes  are 
yet  unknown.  When  it  ihall  be  more  corxeftly 
examined,  and  its  properties  rendered  more  fa- 
miliar, it  is  not  improbable  but  that  it  may  en- 
ter into  fome  alloys,  and  that  its  blue  or  yellow 
oxide  may  be  ufed  as  a  pigment         * 


Section  II. 

'  Concerning  the  Molybdic  Acid. 

\.  WE  have  already  feen  that  we  are  indebtecl 
to  Scheete  for  th^  difcovcry  of  th«'  molybdio 

acid  J 
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phuric  acid  and  molybdic  acid.  The  muriatic 
acid  has  no  adion  either  on  the  metal  or  its  ore. 
The  arfenic  acid,  heatfed  in  the  retort  with  ful* 
phuret  of  molybdena,  burns  the  fulphur  into 
fulphureous  acid,  converts  a  portion  of  the 
metal  into  the  molybdic  acid,  leaves  another 
portion  in  the  ftate  of  metal,  and  itfelf  be- 
comes converted  partly  into  metal  and  partly ' 
into  fulphuret  of  arfenic,  Pelletier  made  ufe 
of  this  experiment  to  prove  that  molybdena 
poffeffes  the  metallic  ftate  in  its  pre. 


Section  I. 

A 8 ion  on  the  Salifiable  Bafes  and  the  Salt^ 

.  14-  THE  alkalis  diffolye  molybden^,  and, fa-: 
VQur  its  o^^idation, .  whicl},  in  general,  is.  \crs[ 
eafy.  By  means  of  fire,  in  the  dry  way,  they 
form  Fith  the  fulphuret  of  molybdena  an  alka- 
line fulphuret,  vwhicji  reitaius  the  metal  in  folu- 
tion,  Jhi^  i^iop,  has  .bepn  little  exianiin/^j|,j 
a\id  the  efFe6)t  o^  the  earthy  mattjer^s  qn  piplyl^t- 
dena,  or  on  its  pre,,  has  not .  at .  all  been  m-^ 
quired  into.  , 

15.  Among:  the  felts  there  is  only  the,  nitrate 
pf  pot-aih^  ^o^  whicljjthermpde  of  ^Qion  upqij. 
fulpl^uret  of  mplybcjena,  has-been  deterpiijoaed  i\ 
but  its  effpQ;  on  the  metal  is  ftiU  unknpwn.  pne 
parjt  pf ,  this  ore,  aji^d  four  part^  pf  iijtre;,  d^tic^-. 
pate  ifi  ^jCj^pit)le,at  a^  red  heat,. and  affor4; 
....  a  reddiih 
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a  reddiih  niafs.  This  mafs  by  lixiviation  leaves 
about  0,02  of  red  o:^ide  of  iron,  and  affords  in 
the  fplution  fqlphate  of  pot-afli,  undecompofed 
i)i|;re,  and  molybdate  of  pot-afli^  which  proViC 
that  the  fulphur  and  the  moly  bdena,  both  being 
iOKigenated:  to  their  ma:(imun),  or  acidified, 
have  united  ii^^ith  this  bafe  of  nitre. 


16.  As  we  have  hitherto  obtained  but  a  fmaU 
portion  of  molybdenay  it  has  not  yet  been 
treated,  except  flightly,  in  the  way  of  cherair- 
cal  examinations )  it  has  not  been  applied  to 
any  ufe.'  The  fulphiu'et  of  molybdena  is  fome- 
jtimes  fubfUtuted  in  the  arts  for  the  carburet 
of  iron,  with  which  it  is  confounded  in  comr 
merce;  but,  as  hks  been  before  obferved,  it  an* 
fwers  the  purpofe  of  that  fubftance  very  imper- 
frftly ;  fo  that  we  may  affirm,  that  its  ufes  are 
yet  unknown.  When  it  ihall  be  more  corxeftly 
examined,  and  its  properties  rendered  more  fa- 
miliar, it  is  not  improbable  but  that  it  may  en- 
ter into  fome  alloys,  and  that  its  blue  or  yellow 
oxide  may  be  ufed  as  a  pigment         ^ 
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phuric  acid  and  molybdic  acid.  The  muriatic 
acid  has  no  a6lion  either  on  the  metal  or  its  ore. 
The  arfenic  acid,  heatfed  in  the  retort  with  ful- 
phuret  of  molybdena,  burns  the  fulphur  into 
fulphureous  acid,  converts  a  portion  of  the 
metal  into  the  molybdic  acid,  leaves  another 
portion  in  the  ftate  of  metal,  and  itfdf  be- 
comes converted  partly  into  metal  and  partly  * 
into  fulphuret  of  arfenic.  Pelletier  made  ufe 
of  this  experime^t  to  prove  that  molybdena 
poffefles  the  metallic  ftate  in  its  pre. 


.1 


Section  I. 
A 8 ion  on  the  Salifiable  Bafes  and  the  Salt^ 

14.  THE  alkalis  diffolye  molybden^,  aiid.fa-: 
VQur  its  o^^idation^.  whicl},  in.  general,  is.  \cxy 
eafy.  By  means  of  fire,  in  the  diy  way,  they 
form  iirith  the  fulphuret  of  molybdena  an  alka- 
line lUlghuret,  ,whic)i  retains  the  metal  in  folu- 
tion.  yhi^  i^ioij,  lias  .bepn,  Jittle  ex<aii]ii;^f|,^ 
a\id  the  efFe6i  of  the  earthy  matjer^s  qnpioly})?- 
dena,  or  on  its  pre,,  has  not. at, all  beent  iurr 
quired  into.  , 

15.  Among  the  felts  there  is  only  the.  nitrate 
of  pot- alb,  .of  \\'hicl>jthefmpde  of  ^6tion  upqij. 
fuljil^uret  pif  pQlyb(|ena,  has  .been  deterpiijoaed  ;^ 
but  it?  eiJecl  on  the  metal  is  ftiU  unknpwn.  0ne 
parjt  pf .  thi^.ore,  ?p?d  four  part ^pf  n}ti*€,,d?tfc^7. 
pate  ifi  ^^€j[i^cit)le,at  a.  red  heat, . and  affoa'4: 

;,.     I  a  reddiih 
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a  reddiih  mafs.  This  mafs  by  Uxiviation  leaves 
aibout  Dr02  of  red  oiide  of  iron,  and  affords  in 
the  fplution  fulphate  of  pot-afli,  undecompofed 
iii|;re,  and  molybdate  of  pot-afli,  which  proViC 
that  thj8  fulphur  and  the  moly bdena,  both  beings 
ipKigenated:  to  their  ma:(imun),  or  acidified, 
have  i^n^ted  with  ^^  bafe  of  nitre. 


l6.  A9  we  have  hitheirto  obtained  but  a  fmaU 
portion  of  molybdena^  it  has  not  yet  been 
treated,  except  (lightly,  in  the  way  of  cherai?* 
cal  examinations)  it  has  not  been  applied  to 
any  ufe.'  The  fulphuret  of  molybdena  is  fonie- 
^imes  fubfUtuted  in  the  arts  for  the  carburet 
of  iron,  :  with  >yhich  it  is  confounded  in  com^ 
mercej  but,  as  hks  been  before  obferved,  it  an* 
fwers  the  purpofe  of  that  fubftance  very  imper- 
jfeftly ;  fo  that  we  may  affirm,  that  its  ufes  are 
yet  unknown.  When  it  ihall  be  more  corxeftly 
examined,  and  its  properties  rendered  more  fa- 
miliar, it  is  not  improbable  but  that  it  may  en- 
ter into  fome  alloys,  and  that  its  blue  or  yellow 
oxide  may  be  ufed  as  a  pigment         ' 


Section  II. 

a 

"'  Concerning  the  Molybdic  Acid. 

J.  WE  have  already  feen  that  we  are  indebtecl 
to  Scheete  for  th^  difcovcry  of  the,  molybdic 

acid; 
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acid  j  but  it' may  at  the  fame  time  be  remarked, 
that  though  this  fkilful  chemift  was  the  firfl 
who  prepared  the  acid,  its  difcovcry  was  really 
contaminated  by  an  error,  fince  he  fuppofed 
ttiat  he  had  (imply  extrafted  the  molybdic  acid 
from  its  ore,  which  is  ftill  called  molybdena 
by  all  mineralogifts ;  and  fince  he  confideied 
this  ore  as  a  true  compound  of  the  acid  with 
fulphur  and  a  fmall  quantity  of  iron.  The 
do£lrine  of  the  French  chemifts  has  afcertaincd 
ind  correded  this  error,  by  fhowing  to  Citizen 
Guy  ton,  to  Pelletier,  and  to  all  the  authors  or 
partifans  of  the  pneumatic  theory,  that  in  the 
various  experiments  of  Scheele,  in  which  he 
obtained  the  molybdic  acid,  he  really  produced 
or  formed  it  by  burning  the  molybdena,  and 
charging  it  with  the  whole  quantity  of  oxigen 
it  was  capable  of  abforbing. 

S.  Though  the  molybdic  acid  appears  to  exift 
,in  nature,  as  Mr.  Klaproth  has  obtained  4 1  from 
yellow  lead  ore,  it  has  always  been  prepared  or 
fabricated  artificially,  by  treating  the  fulp]^uret 
of  molybdena,  the  only  ore  of  this  ftibftance 
yet  known,  by  feveral  oxigenating  procefles. 

3.  There  are  four  procefles  known  and  prac? 
tifcd  to  convert  the  molybdena  contained  in  its 
"  ore  or  native  fulphuret,  into  molybdic  acid. 
The  firft  cpnfifts  'in  its  oxidation  by  fire  and 
air.  Scheele  had  pbferved,  that  when  a  frag*? 
ment  of  fulphuret  of  molybdena  is  heated  in 
ihe  flame  of  the  blpw-pjpe  upon  a  plate  of  fil* 
VCF,  the  white  fume  which  it  emits  attached  it- 
^"'  '  felf 
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felf  to  the  plate  in  a  thin  fcale  of  a  yellowifh 
brilliant  white,  which  was  the  true  molyhdic 
acid  But  this  method  produced  only  a  ft^ 
particles*  Pelletier  has  greatly  extended  it  by 
dire&ing  that  the  fame  operation  be  made  in 
a  cjrucible  covered  with  another  veffel  of  the 
fiime  kind.  The  white  brilliant  prifms  which 
fiibUme  in  this  experiment,  are  the  molybdie 
acid.  But  this  method  is  tedious^  requires 
ftrong  heat)  and  does  not  afford  very  pure  acid^ 
It  is  not  therefore  to  he  preferred. 

4.  The  fecond  procefs  is  performed  with  ni- 
tric acid,  and  is  one  of  the  mod  certain.  Upon 
one  part  of  the  fulphuret  of  molybdena,  five 
parts  of  this  diluted  acid  are  to  be  poured  ;  the 
diilillation  is  then  to  be  carried  on  to  drynefs, 
^nd  a  mixture  of  nitrous  gas  and  nitrous  vapour 
is  obtained  Vith  much  froth  ;  this  diilillation  is 
tjo  be  repeated  thrqe  or  four  times,  employing 
five  parts  of  the  fame  acid  every  time.  At  the 
end,  the  dry  refiduQ.  is  as  white-  as  chalk,  and 
confifts  of  the  molybdie  acid  mixed  with  the 
Hilphuric  acid.  The  nitric  acid  has  burned  the 
fulphur,  and  acidified  the  molybdena  by  yield-^ 
ing  its  oxigen  to  it,  and  decompofing  it.  The 
dry  refidme  is  to  be  wafhed  with  hot  water,  by 
which  mcW9  the  molybdie  acid  is  obtained  pure 
and  concrete.  The  water  made  ufe  of,  carries 
off  a  fmall  portion  of  this  acid,  together  with 
the  fulphuric  acid ;  and  when  it  is  ftrongly  eva*^ 
pojated^  it  a^Tiunes  a  blue  colour  which  an- 
nounces 


y 


140  MOLYBDIG    ACID. 

Bounces  the  decompofition?  of  itd  acid,  and  its 
tranfition  to  the  metallic  fiate, 

5,  Iiv  the  third  procefs,  the  futphuret  of 
jnolybdena  is  diftilled  with  the  arfenic  acid. 
There  is'  no  action  between  thefe  two  bodies 
while  any  water  is  prefent ;  but  when  the  water 
is  paflfed  oyer  and  the  fire  is  raifedj  arfenic  and 
the  fulphuret  of  arfenic  fublime ;  the  fulphureous 
^cid  paffes  over,  and  thie  concrete  molybdic  acid 
remains  in  the  retort,  But  this  acid  is  not 
pure ;  it  is  mixed  with  arfenic  and  fulphuret 
of  arfenic; 

6.  The  fourth  procefs  is  the  moft  expeditious 
of  all,  and  would  deferve  to  be  preferred  to* 
them  if  it  afforded  the  acid  in  a  ftate  of  purity. 
It  is  the  product  of  the  detonation  of  nitre 
with  the  fulphuret  of  molybdena,  Three  parts 
of  nitrate?  of  pot-ralh,  and  one  part  of  fulphuret 
of  molybdeua,  w^U  pulverized  and  well  niixe^ 
together,  are 'thrown  into  an  ignited  crucible^ 
After  the  detonation,  the  jefidue  is  a  reddish 
mafs  compofed  of  the  oxide  of  iron,  fulphato 
pf  pot-afh,  and  moly bdate  >  of  pot-afliv  •  By 
lixiviating  it  in  water,  the  two  fajts  aiwdiffolvcd, 
and  the  oxide  of  iron  remains,  » The  folution  is 
evaporated  to  obtain  fulphate  of  pot^afli,  and 
fulphuric  acid  is  poured  into  the  liquor  which 
jefufes  to  cryftallize,  and  which  muft  be  di* 
luted  with  a  fmall  quantity  of  water,  until 
by  the  addition  of  more  acidj  no  further  per** 
ceptible  precipitate  falls-down.  W-emuft,  never-i 
thclqfs  .^bfer ve,  that  this  acid  does  not  con\^ 

pletely 
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pietely  decompofe  the  molybdate  of  pot-afli, 
and  that  the  acid  which  falls  down  is  the  aci- 
duibus  molybdate  of  pot-afh,  of  which  the 
properties  cfffentially  differ  from  the  pure  molyb- 
die  acidr  I  have  defcribed  this  procefs  merely 
to  fliow  the  particular  refult  and  the  exiftence 
of  this  molybdic  aciduie.  We  muft  conclude^ 
that  the  true  and  the  only  means  of  obtaining 
the  pur^  moly bdic  acid  confifls  in  the  fecond 
.procefs,  or  the  treatment  of  fulphuret  of  moly  b- 
dena  by  the  nitric  acid. 

7.  The  molybdic  acid  prepared  by  the  opera* 
tions  before  pointed  out,  particularly  by  the 
fecond  procefs,  is  a  white  powder,  of  a  fliarp 
metallic  tafie.  Its  fpecific  gravity,  according 
to  Bergmann  is  3,400. 

8.  When  heated  in  a  large  glafs  retort  it 
affords,  by  a  ftrong  fire,  a  fmall  quantity  of 
fulphureous  acjd,  which  proves  that  it  cannot 
l)e  deprived  of  that  acid  but  with  the  greateft  dif- 
ficulty. But  it  undergoes  no  other  alteration  by 
this  treatment  than  a  commencement  of  fufion. 
In  a  well-clofed  crucible  it  is  fufed  by  a  ftrong 
heat,  adhering  to  the  fides  of  the  veflfel  in  a 
glalTy  covering;  and  it  cryftallizes  in  red  radii, 
which  ilTue  from  the  centre  by  the  cooling.  If 
the  crucible  be  uncovered  at  the  moment  of  fu- 
fion, it  rifes  in  a  white  fume  by  conta6l  of  the  air, 
and  this  vapour  attaches  itfelf  in  brilliant  fcales 
of. a  goiden-yellow  colour  upon  the  furrounding 
eold  bodies^  This  fume  difappears,  and  the  vo- 
latilization ceafes  the  moment  the  apparatus  is 

clofed : 


I        ' 
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clofed :  hence  it  follows,  that  the  contaQ;  of  the  air 
is  the  immediate  caufe,  and  thereforCj  there  is- no 
fublimate  according  to  Scheele,  found  in  the 
crucible  which  ferves  as  a  cover.  It  appears^ 
either  that  Sclieele  did  not  apply  fufficieftt  heal;, 
or  that  a  fiiiall  quantity  of  air  introduced  itfelf 
into  the  experiment  of  Pelletierv  His  fulphuret 
of  molybdena  was  burned  and  acidified* 

9.  Moft  comfeuftible  bodies  decompofe  the 
molybdic  acid.  Carbon  reduces  it  by  the 
affiftance  of  heat  into  a  black  powder  which 
approaches  the  metallic  ftate,  and  wants  only 
the  aggregation  by  fufion  to  be  true  mqlyb-' 
den  a.  By  heating  with  three  parts  of  fulphur, 
there  is  a  difengagemeht  of  fulphureous  acid, 
and  fulphuret  of  molybdena  is  fonned.  Several 
metals  heated  with  this  acid,  alfo  reduce- it, 
themfelves  becoming  partly  oxided,  and  partly 
combined  in  alloys  with  the  molybdena. 

10.  Hot  water  eafily  diffolves  it ;  one  part  of 
this  acid  requires  about  five  hundred  parts  to 
diffolve  it ;  this  folution  is  very  acid  and 
fharp;  it  reddens  turnfole,  precipitates  the 
alkaline  fulphurets,  and  decoihpofes  foap.  After 
•its  fufion,  it  is  equally  foluble,  in  which  refped^ 
it  differs  from  the  tungftic  acid.  The  folution 
of  the  molybdic  acid  becomes  blue  when  iron 
or  tin  are  kept  plunged  in  it;  it  effer  vefces  with 
the  alkaline  carbonates;  it  precipitates  the 
folutions  of  nitrate,  of  muriate,  of  barites. 
The  molybdic  acid  becomes  much  more  folu- 
ble 
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ble  with  a  fmall  portiou  of  alkali,  by  forming 
acidulous  molybdate. 

1 1.  The  concentrated  fulphuric  acid  diflblves 
much  molybdic  acid  by  the  affiftance  of  heat; 
it  becomes  violet  and^bluc  as  it  cools.  The  mu- 
riatic acid  alfo  diffolves  a  great  quantity  by  ebul- 
lition. By  diftiiling  to  drynefs,  a  part  of  the 
acid  fublimes  of  a  blue  and  white  colour.    The 

.  rcfidue  is  grey  and  deliquefcent.  like  the  fubli- 
mate.  The  fame  phenomenon  is  feen  even  in 
the  fume  of  molybdena  produced  by  the  blow 
pipe,  for  the  interior  flame  colours  thofefuilies 
b]ue.  The  nitric  acid  does  not  affed  the  acid 
of  molybdena. 

12.  The  molybdic  acid  eafily  unites  with  the 
alkaline  and  earthy  bafes,  and  forms  falts  of 
iparing  folubility  with  the  latter,  but  very  fo- 
lublc  and  cryftallizable  with  the  alkalis.  Scheele 
has  faid  very  little  concerning  the  prbperties  of 
the  alkaline  and  earthy  molybdates,  which  are 
ftill  almoft  entirely  unknown.  The  calcareous 
fiiolybdate  is  not  rendered  yellow  by  the  nitric 
acid.  The  .molybdate  of  barites  is  fomewhat 
foluble  in  water ;  the  ammoniacal  molybdate  is 
decompofable  by  fire.  There  is  an  acidulous 
molybdate  of  pot-a(h;  and  Scheele,  without 
denoting  it  by  a  particiilar  name,  points  out, 
Beverthelefs,  its  chanters  different  from  thofe 
of  the  pure  molybdic  acid.  I  ihall  diftinguifh 
it  here  on  account  .of  its  differences,  and  be- 
caufe,  it  is  frequently  obtained  inflead  of  the 
pare  acid.     . 

13.  The 
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13.  The  acidulous  molybdate  of  pot-aih,  Is 
obtained  either  by  precipitating  the  produfit  of 
the  detonation  of  nitre  and  fulphuret  of  molyb- 
dena  by  the  fulphuric  acid,  or  by  dhe&Xy 
uniting  tnolybdic  acid  with  a  fmall  quantity  of 
pot-aih,  as  if  to  render  it  more  foluble.  This 
fait  affords  fmall  irregular  cryftals  by  cooling 
its  faturated  boiling  folution ;  the  acid  which  is 
greatly  in  excefs,  is  not,  however,  volatile  by 
an  open  fire,  as  it  is  when  alone.  The  acidu- 
lous molybdate  of  pot-afli  is  much  more  folu- 
ble than  the  molybdic  acid,  fmce  it  requires 
only  four  parts  of  boiling  water ;  it  is  alfo  mor^ 
fufible.  It  may  be  decompofed  by  throwing 
into  its  hot  cohcentrated  folution  a  fmall  quan- 
tity of  nitric  acid,  which  retains  its  alkali,  and 
precipitates  the  molybdic  acid  in  fmall  cryftals. 
The  fame  acidule  does  not  decompofe  the  ful- 
phate  of  pot-alh  by  the  affiftance  of  fire,  like  the 
pure  acid. 

14.  The  molybdic  acid  ftrongly  heated  with 
mod  of  the  fulphates,  and  particularly  with 
that  of  pot-afh,  difengages  a  fmall  portion  of 
fulphuric  acid,  becaufe  it  forms  in  this  cafe  the 
acidule  of  molybdena ;  accordingly,  the  ful- 
phuric acid  does  not  decompofe  the  molybdate 
of  pot-afh,  but  to  the  point  of  producing  the 
fame  acidule,  as  I  have  already  remarked.  It 
likewife  decompofes  the  nitrates,  and  difengages 
the  nitrous  acid  by  heat  The  muriates  are  alfo 
decompofed,  and  a  portion  of  the  white,  yellow, 
or  violet  molybdic  acid  fublimes,  which  attracts 

4  nioifture, 
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moiftare,  is  refolved  into  a  fluid  in  the  air,  and 
becomes  blue  on  the  metals.  Thefe  two.decom- 
poiitions  of  the  nitrates  and  the  muriates,  the 
nitrous  acid  which  is  difengaged  from  the  former, 
and  the  deliquefcent  ftate  of  a  portion  of  molyb- 
dic  acid,  feem  to  announce  that  it  is  capable  of 
becoming  furcharged  with  oxigen,  receiving 
modification  by  this  fuper-oxigenation ;  never- 
thelefs,  it  appears  to  fuper-oxigenate  the  muriatic 
'  acid  which  is  diftilled  from  it,  fince  it  becomes 
blue  by  this  a6iion.  Further  experiments  are 
wanting  on  this  point. 

15.  The  molybdic  acid  is  not  yet  of  any  ufe ; 
it  has  hitherto  been  only  an  objed  of  refearch 
and  curiofity  with  chemifls.  The  example  of 
the  tungftic  acid,  of  which -Citizen  Guyton  has 
already  determined  a  ufeful  property  for  dyeing, 
ought  to  engage  chemifts  to  attend  to  the 
molybdic  acid  under  the  fame  point  of  view. 


Article  V. 
Coficernlng  Chrome  and  its  Acid, 
Section  I. 
Of  the  Metal  Chrome. 

A.  Tlijlory. 

I.  THE  analyfis  of  a  mineral  made  by  other 
means,  and  with  more  care  than  hitlieito  had 
been  applied  to  its  examination,  prefented  in 

Vol.  V.  L  Decern- 
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December,    1797,  to   Citizen   Vauquelln,    the 
difcove»y  of  this  new  metal.     The  red  lead  of 
Siberia  appeared  to  him,  from  feveral  previous 
examinations,  to  offer  properties^  Mrhich  he  had 
not  obferved  in   any  other  fubftance.     After 
having  made  a  feries  of  experiments  upon  this 
dire,  which,  unfortunately,  is  very  fcarce^  and 
little  abundant  in  oiir  cabinets,  he  afcertained^ 
that  it  is  formed  of  oxide  of  lead  and  0,36,  of 
a  new  acid  which  Bindheim,  and  feveral  other* 
chemifts   took  for  molybdic  acid,  but,  which 
differs  greatly  from  it,  inftead  of  refembling 
its  properties,  as  we  ihall  fpeedily  fee.     The  fol- 
lowing is  the  account  of  its  difcovery : 

2.  By  treating  the  Siberian  red  lead  with  two 
parts  of  carbonate  of  pot-afh  diffolved,  which 
he  boiled  in  two  hundred  parts  of  water,  the 
pot-afh  feized  the  new  acid  Mobile  the  carbonic 
acid  united  with  the  lead.     The  new  fait  was 
found  in  folution  in  the  water,  and  the  car- 
bonate of  lead  at  the  bottom  in  the  form  of 
white  powder.     He  precipitated  the  acid  of  the 
new  fait  by  means  of  nitric  acid,  which  feized 
the  pot-afh.  The  red  lead  of  Siberia,  when  treated 
with  the  muriatic  acid,  was   totally  diffolved, 
alTuming  a  beautiful  deep  red  colour ;  the  li- 
quor by  evaporation,  afforded  muriate  of  lead ; 
the  fupernatant  fluid  which  preferved  its  fine 
green  colour,  contained  the  oxide  of  the  new 
metal  difacidified  by  the  muriatic  acid,  and 
having,  by  that  means,  paffed  from  the  orange- 
red  colour  to  green. 

B.  Phy^ 
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B. ,  JNt^cal  Properties. 

...3,.XftE  a(?id  obtained  by  the  firft  procefs, 
iaind  tlie^,  o^ide  prpduced  by  the  fecpnd,  wey e 
both  red.i\ce(J  by  Citizen  Yauquelin,  by  ftrongly 
heating  them  in  q,  .crucible  of  charcoal ;  he  ob- 
tainedja  metal  different  from  allthofe  yet  known, 
which  we  have  agreed  to  name  chrom^^  .on  ac- 
tount  of  its  remarkable  propt?tty  pf .  forming 
a  very  coloured  acid,,  and  itfelf  giving  f  ojlqur 
to  all  its  f*aline  combinatiotxs,  .     • .  . 

4i  Since  this  firft  difcovery,  Citizen  Vauquelin 
has  found  this  liietal,  Ift.  In  a  gteen  oiide 
united  to  lead  in  cfyftal^  .of  the  fafme  colour, 
which  are  almoft  always  found  in  the  fame 
toGafityftd  theSibertaft  t^d  lead;  *•  2dly.  Alfb  in 
agfi^ehi  oxide  in  th^  aftei-ald  of  iP^ru,  :of  whrcH 
it  i^  the  true  colouring  matten  Sdl*^.  In'thij 
aScid  fottn  in  the  fpinelle  ruby,  fo  which  it  gives 
the  beautiful  red  tinge'  it  poffeff^s.  M.  Taffaert, 
a  Pruffian  chemift,  who'  fs  'charged  with  tl^ 
tifpefatiom  6f  the  laboratory  of  the  fchool  of  the 
minds^  at  Parts,  has  finCe  found  the  chrottit; 
acid  cOinhined  with  iron  in  ah  ore  of  the  depart-* 
ment  of  Var,  near  Toulon.* 

if.  The  metal  eKtra6i;ed  by  this  procefs,  is  of 
a  white  colour  inclined  to  grey,  very  hard,  very 
brittle^  and  extremely  difficult  of  fufiom  The 
fmall  quantity  which  Citizen  Vauquelin  could 
procure,  did  not  permit  him  to  afcertain  many 
of  its  properties. 

La  Cs  Naturai 
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fpeed,  and  that  it  may,  by  that  means,  be  made 
to  acquire  4II  the  properties  it  ppffeffes  in  th? 
Siberian  red  lead. 


.  I.  ASion  upon  the  3afes  and  the  Salts, 

/■  .       '  .         '  '      ■ 

^  ■    ■  ^ 

Ifl;.  t"^  fe  enti^6ty  unknown  whether  it  is  capar 
ble  of  alteration  by  the  earths  and  alkalis^ ;  it 
does  not  eafily  unite  with  them,  unlefs  in  the 
ftate  of  acid,  for  in  that  of  green  oxide  it  is  not 
foluble.  Thi'^  green  oxide  is  eveii  obtained  by 
thd  cauftic  fixed  alkalis, :  by  feparating  it  from 
the  alumine  with  which  it  is  united  in  the 
emerald^  to  yhich  alumine  the  alkalis  unite 
without  touchina:  the  oxide  of  chrome. 

13.    We  are  not  at  all  acquainted  with  it§ 
a6lion,on.the  falts. 


K.  l{/is. 

14.  It  is  hardly  to  be  imagined,  that  fo  re- 
cent a  difcovery  can  have  yet  been  applied  to 
any.ufe.  NevertheleCs,  its  author  has  already 
obferved,  that  its  oxide  may  be  ufed  in  the 
fabrication  of  glafs  and  enamel,  and  it  may  even, 
perhaps,  have  been  already  employed  without 
fufpefting  it,  in  the  mixtures  of  the  produflsof 
minerals  ill  underftood  or  analyzed,  of  which  it 
may  form  a  part.  The  manufajSlurers  of  porce- 
lain are  often  in  this  fituation,  when  they  pre- 
pare oxides  from  very  mixed  ores  in  order  to 
ipbtain  variety  of  fliades.     The  nature  oV  thefe 

Ihades 
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/hades  depends  on  unknown  alloys,  of  which 
the  chrome  may  well  be  ope  of  the  conftituent 
parts. 


Section  II. 
Concerning  the  Chromic  Acid. 

1.  THOUGH  the  chromic  acid  has  been  rery 
lately  difcovered,  andhas  not  yet  been  examined, 
exceptin  very  minute  quantities,  by  the  different 
proceffes  to  which  Citizen  Vauquelin  has  fub- 
jcfted  it,  it  is  neverthelefs  better  known,  and 
affords  more  fafts  to  the  hiftory  of  chemiftry- 
than  chrome  itfelf.  This  arifes  from  its  being 
found  native  in  combination  with  the  oxide  of 
lead,  fo  that  it  was  much  more  cafy  to  extraft 
it  and  afcqrtain  fome  of  its  properties,  than  to 
perform  the  fame  with  regard  to  the  metal  which 
has  not  yet  been  obtained,  except  with  the 
greatefl  difficulty,  and  in  much  lefs  quantity. 

2.  The  chromic  acid  extracted  from  the  red 
lead  of  Siberia,  treated  by  the  carbonate  of 
pot-afh,  and  difengaged  from  this  alkali  by  q. 
ftronger  acid,  has  the  form  of  a  red  or  yellow 
orange  powder,  of  a  peculiarly  fharp  metallic 
tafte,  more  perceptible  than  that  of  any  other 
jnetallic  acid. 

3.  When  expofed  to  the  adion  of  light  and 
paloric  in  open  vefTels,  it  becomes  green;  in 
jflofc  vpffejs  it  affords  pure  oxigen,  and  paflTes  to 
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the  ftate  of  green  oxide  by  lofing  ite  acidity. 
The  red  lead  of  Siberia  itfelf  gives  out  oxigen 
gas,  when  heated  in  clofe  veffels,  and  affumes 
a  yellowifli^green  colour.  The  chromic  acid 
is  the  firft  metallic  acid'known  which  is  capable 
of  difacidifying  itfelf  fo  eafily  by  the  aftion  of 
caloric,  and  affording  oxigen  gas  by  this  fimple 
operation.  We  fliall  fee,  that  many  of  its  pro- 
perties depend  on  the  flight  adherence,  at  leaft, 
of  a  portion  of  its  oxigen.  The  green  oxide  of 
chrome  pafles  again  to  the  ftate  of  chromic 
acid  only,  when  treated  by  the  acids  which  re- 
ftore  its  oxigen. 

4.  The  adion  of  moft  of  the  combuftible  bo- 
dies on  the  chromic  acid,  is  yet  unknown.  It 
is  only  known,  that  when  ftrongly  heated  with 
charcoal  it  becomes  black,  and  foon  paffes  to 
the  metallic  ftate  without  fufion ;  the  facility 
with  which  it  permits  its  oxigen  to  efcape,  Ihows 
that  it  may  be  decompofed  by  hidrogen,  phof* 
phorus,  and  fulphur. 

5.  The  chromic  acid  is  foluble  in  water,  and 
cryftallizes  by  cooling  and  evaporation,  in  prifms 
of  a  ruby-red  colour.  It  appears  to  be  capable 
of  uniting  with  many  metallic  oxides. 

6.  Among  the  acids,  none  has  a  more  remark- 
able aftion  upon  it  than  the  muriatic.  When 
this  acid  is  diftilled  by  gentle  heat  from  the 
chromic  acid,  the  latter  pafles  fpeedily  to  the  ftate 
of  oxigenated  muriatic  acid ;  confequently,  it  ac- 
quires by  this  mixture,  the  property  of  diflblving 
gold.      By  this  property  it  refembles  the  nitric 

acid, 
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acid,  1a  confequence  of  the  weak  adherence  of 
its  oxigen.  It  muft  be  remarked,  that  it  is 
the  only  one  of  the  metallic  acids  which  exhibits 
this  chara£ler. 

7*  The  chromic  acid  unites  very  eafily  with 
alkaline  matters.  It  forms  with  them  folutions 
of  an  orange  or  yellow  colour,  which  aiford 
orange  cryttals  by  evaporation.  It  is  the  only 
acid  which  has  the  property  of  colouring  its 
falts;  which  circumftance  has  induced  us  to 
denominate  it  the  chromic  acid,  preferving  the 
name  of  chrome  from  its  metallic  radical.  We 
are  not  yet  acquainted  with  the  earthy  chro- 
mates,  nor  with  the  fpecific  propeities  of  the 
alkaline  chromates,  nor  the  order  of  attra6^ion  of 
the  acid  for  its  bafes.  We  only  know  that  the 
earthy  chromates  are  infoluble,  or  much  lefs 
foluble  than  alkaline  chromates. 

8.  We  are  equally  unacquainted  with  the  ac- 
tion of  the  chromic  acid  upon  the  falts,  whe- 
ther it  be  capable  of  decompofing  feme  of  them, 
as  we  havefeen  in  the  other  metallic  acids.  It 
appears,  atleaft,  that  this  decompofition  cannot 
operate  but  by  virtue  of  a  very  elevated  tem- 
perature, or  the  double  eleftive  attractions,  fmcc 
the  fulphuric,  nitric,  and  muriatic  acids,  de- 
compofe  the  chromate  of  pot-afh,  and  precipi- 
tate the  chromic  acid  from  its  folution. 

9.  As  the  aftion  of  the  chromic  acid  upon 
the  metals  has  not  yet  been  appreciated,  I  can 
fay  nothing  of  its  combination  with  arfenic, 
tungften,  and  molybdena,  nor  of  the  order  of 

the 
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the  ftate  of  green  oxide  by  lofing  its  acidity. 
The  red  lead  of  Siberia  itfelf  gives  out  oxigen 
gas,  when  heated  in  clofe  veffels,  and  afiumes 
a  yellowifli^green  colour.  The  chromic  acid 
is  the  firft  metallic  acid'known  which  is  capable 
of  difacidifying  itfelf  fo  eafily  by  the  aftion  of 
caloric,  and  affording  oxigen  gas  by  this  fimple 
operation.  We  fliall  fee,  that  many  of  its  pro- 
perties depend  on  the  flight  adherence,  at  leaft, 
of  a  portion  of  its  oxigen.  The  green  oxide  of 
chrome  paffes  again  to  the  ftate  of  chromic 
acid  only,  when  treated  by  the  acids  which  re- 
ftore  its  oxigen. 

4.  The  a6iion  of  moft  of  the  combuftible  bo- 
dies on  the  chromic  acid,  is  yet  unknown.  It 
is  only  known,  that  when  ftrongly  heated  with 
charcoal  it  becomes  black,  and  foon  pafles  to 
the  metallic  ftate  without  fufion ;  the  facility 
with  which  it  permits  its  oxigen  to  efcape,  Ihows 
that  it  may  be  decompofed  by  hidrogen,  phof- 
phorus,  and  fulphur. 

5.  The  chromic  acid  is  foluble  in  water,  and 
cryftallizes  by  cooling  and  evaporation,  in  prifms 
of  a  ruby-red  colour.  It  appears  to  be  capable 
of  uniting  with  many  metallic  oxides. 

6.  Among  the  acids,  none  has  a  more  remark- 
able aftion  upon  it  than  the  muriatic.  When 
this  acid  is  diftilled  by  gentle  heat  from  the 
chromic  acid,  the  latter  pafles  fpeedily  to  the  ftate 
of  oxigenated  muriatic  acid;  confequently,  it  ac- 
quires by  this  mixture,  the  property  of  diflblving 
gold.      By  this  property  it  refembles  the  nitric 

acid, 
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acid,  1n  confequence  of  the  weak  adherence  of 
its  oxigen.  It  muft  be  remarked,  that  it  is 
the  only  one  of  the  metallic  acids  which  exhibits 
this  charafter, 

7*  The  chromic  acid  unites  very  eafily  with 
alkaline  matters.  It  forms  with  them  folutions 
of  an  orange  or  yellow  colour,  which  aiford 
orange  cryftals  by  evaporation.  It  is  the  only 
acid  which  has  the  property  of  colouring  its 
falts;  which  circumftance  has  induced  us  to 
denominate  it  the  chromic  acid,  preferving  tlie 
name  of  chrome  from  its  metallic  radical.  We 
are  not  yet  acquainted  with  the  earthy  chro- 
mates,  nor  with  the  fpecific  properties  of  the 
alkaline  chromates,  nor  the  order  of  attra6^ion  of 
the  acid  for  its  bafes.  We  only  know  that  the 
earthy  chromates  are  infoluble,  or  much  lefs 
foluble  than  alkaline  chromates. 

8.  We  are  equally  unacquainted  with  the  ac- 
tion of  the  chromic  acid  upon  the  falts,  whe- 
ther it  be  capable  of  decompofing  feme  of  them, 
as  we  have  feen  in  the  other  metallic  acids.  It 
appears,  at  leaft,  that  this  decompofition  cannot 
operate  but  by  virtue  of  a  very  elevated  tem- 
perature, or  the  double  eleftive  attractions,  fmcc 
the  fulphuric,  nitric,  and  muriatic  acids,  de- 
compofe  the  chromate  of  pot-afh,  and  precipi- 
tate the  chromic  acid  'from  its  folution. 

9.  As  the  aftion  of  the  chromic  acid  upon 
the  metals  has  not  yet  been  appreciated,  I  can 
fay  nothing  of  its  combination  with  arfenic, 
tungften,  and  molybdena,  nor   of  the  order  of 

the 
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the  attractions  betv»^een  this  acid  and  thofe  of 
the  metallic  radicals,  of  which  the  order  of  the 
prpfcnt  :work  M'oiild. other  wife  require  me  to 
treat  in  this  place.  The  chromic  acid,  as  well 
as  the  green  oxide  of  chrome,  promifes  to  be 
very  ufcful,  either  alone  or  combined  with  the 
x^ther  metallic  oxides,  to  painters^  enamellers, 
glafs-makers,  in  the  imitation  of  precious  ftones^ 
^nd,  perhaps,  even  in  dyeing, 


Article  VI. 

Concerning  Titanium. 

A.  Hijlory. 

1.  IN  1795,  the  third  year  of  the  French 
republic,  Mr.  Klaproth,  a  chemift  of  Berlin, 
having  examined  g.  foffil  from  Boinik  in  Hun- 
gary, known  by  the  name  of  red  fchorl,  on 
account  of  its  prifmatic  or  fluted  columnaj 
form,  difcovered  that  it  was  the  native  oxidi^ 
of  a  metal  till  then  unknown.  He  charajfterizcfl 
it  by  the  folio w}i|ig  properties,  whicl)  are  in  fa6i, 
the  moft  marked  and  the  moft  diftiaftive  of  any 
it  poffeffes.  By  calcination,  it  paffes  from  white 
to  yellow,  and  from  yellow  to  red ;  it  affords  a 
}?Jlow  enamel,  aflumes  blue,  yellow,  and  vior 
let  colours,  by  the  vitreous  fluxes  before  the 
blow-pipe;' is  very  greedy  of  oxigen  ;  is  pre- 
cipitin ted  by   the  'fulphure|:s  j    affords  a  thic)c 

bro\fn 
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hrown  precipitate  of  a  reddiih  colour,  refem- 
bling  blood,  by  the  nut-gall  Though  he  did 
not  fucceed  in  reducing  this  oxide,  and  obtained 
only  brown  fcoria  towards  the  bottom,  and  a 
greyifh  blup  at  the  top,  yet,  as  its  properties 
leave  no  doubt  refpeding  its  metallic  nature, 
he  gave  it  the  name  of  titanium,  an  infignificant 
);erifi,  as  he  himfelf  admits,  but,  on  that  account, 
not  calculated  to  give  any  falfe  notion. 

2.  Towards  the  end  of  the  fame  year  citizens 
Mich6  and  Cordier,  officers  of  the  mines  of  the 
French  Republic,  difcovcred  in  the  canton  of 
Saint  Yriez,  in  the  department  of  Haute  Vicnne, 
^  red  fchorl  in  fmall  broken  maifes,  rolled  and 
worn  at  their  furface,  jnterfperfed  among  the 
foil  of  the  fields.  It  had  long  been  ufed  in  the 
manufacture  of  Sevres  to  make  the  broM  n  colour 
on  porcelain;  but  its  ufe  was  laid  afide  on  ac- 
count of  the  extreme  difficiilty  of  obtaining  an 
uniform  tint.  Citizens  Vauquelin  and  Hecht 
Undertook  a  very  extenfive  chemical  examina- 
tion; they  verified  and  confirmed  the  difeovery 
of  M.  Klaproth ;  added  fome  new  fafts,  partis 
cularly  a  greater  degree  of  precifion ;  and  the}'' 
fucceeded  in  approaching  much  nearer  than  ho 
did  to  the  reduftion  of  this  metal,  fo  that  they 
have  defcribed  feveral  properties  of  metallic 
titanium,  of  which  the  Berlin  chemift  made  no 
mention.  They  have,  therefore,  fupplie^d  me 
with  many  new  details  and  refults  for  this 
article,  which  is  founded  entirely  on  their  ex 
perimcnts  as  well  as  thofe  of  M.  Klaproth. 

B.  Pbyficai 
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B.  PJm6ml^^mperti€8. 


3.  The  metallic  titanium  obtained  in  the 
iimnner  to  be  mentioned,  exhibits  not  a  true 
well-fufed  button,  but  an  agglutinated  brittle, 
blackifli-brown,  cavernous  mafs,  cryftallized 
•within,  hard  and  brittle,  alpioft  always  wholly 
or  in  part  of  a  reddilh  colour,  or  of  a  bright  ihin- 
ing  reddifh-yellow  at  the  furface,  equally  bril- 
liant and  red  in  its  jnternal  cavities,  frequently 
covering  the.  furface  of  the  crucibles  with  a 
fining  of  the  fame  fhade,  changing  and  affum- 
ing  rain-bow  colours  or  purple  when  ^xpofed 
very  hot  to  the  air,  volatile  and  attached  to 
the  cover  of  the  crucibles  with  that  red  colour 
by  the  ftrong  fire  employed  in  its  reduftion. 
It  is  the  only  metal  which  fo  much  approaches 
the  tinge  of  copper,  though  this  is  mixed  with 
yellow. 

C.  Natural  Hijlorj/. 

4.  TiTANiuivf  is  not  yet  known  in  the  native 
ftate,  but  in  the  form  of  oxide.  Two  fpecies 
are  diftinguiflied.  A.  The  red  pure  oxide  of 
titanium,  named  red  fchorl,  found  in  Hungary, 
Spain,  France,  and  Mount  Saint  Gothard.  The 
latter  was  found  by  M.  de  SaiifTure,  who  named 
it  Sagenite  on  account  of  its  cryftals  having 
the  form  of  reeds  or  fillets,  fagena.     It  is  dif- 

feminated 
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feininated  in  long  brilliant  needles,  and  includ- 
ed  in  the  rock-cry ftal   of  Madagafcar.     The 
form   of  its   molecule  is  a  triangular  prifm, 
with  re6langular  ifofceles  bafes.     It  is  obtained 
in  the  primitive  forrti  by  dividing  the  nucleus, 
m  the  direSion  of  the  diagonals  of  the  bafes 
of  Its  cryftals.     Thefe  are  hexahedral  prifms, 
with  dihedral  fiiihimits  referiibling  thofe  of  Saint 
Yrieij  or  b6iaEg6faal  fluted  prifms,  like  thofe  of 
Hungary,  or  fquare  ^riims  like  thofe  found  a 
few  years  ago  neat  Pbnt- James  les  Noyers,  be- 
tween Nantes  and  Itgratid.      Thefe  cryftals 
are  grotiped    two  and   two,  and  croffed  like 
cryftals  of  tin  under  an  angle  of  114'.     Its 
colour   is  red;  more  or  lefs  deep,    clear  aiid 
brilliant,'    arid    even  femi-tranfparent    on    its 
ed^.    It  *eafily   breaks;   but  its  hard  frag- 
ments are  difBciilt  to  pulverize.     It  fcratches 
glaik     Its  fpecific  gravity   is  between  4,180, 
and  4,246.      B.   The    filiceo-calcareous    tita- 
nium,  or   the  titanite   of  Klaproth.     It  is  a 
foffil  compofed  of  oxide  of  titanium,  filex  and 
lime  nearly  in  equal  parts ;  its  fpecific  gravity 
is  3,510.     Before  the  blow-pipe  it  only  under- 
goes fome  blifters  at  its  furface.     It  is  found 
at  Paflku  in   fmall  right    rbomboidal  prifms, 
terminating  in  dihedral  fummits  in  a  gangue 
compofed  of  feldt-fpar  and  quartz* 
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Ibluble  in  acids  nor  efFervefces  with  them  ; 
carbonic  acid,  and  a  fmall  quantity  of  oxigen 
gas  IS  dilengaged.  When  heated  alone  by  the 
blow- pipe  upon  charcoal  it  becomes  of  a  fine 
orange-yellow,  which  difappears  by  cooling, 
and  it  becomes  black  at  the  furface  which 
touches  the  coaU  Thefe  changes  of  colour  are 
owing  tp  the  lofs  of  the  different  proportions 
of  oxigen* 

F.  Treatment  with  Combuftibk  Bodies. 

10.  No  trial  has  yet  been  made  to  combine 
titanium  with  combuftible  bodies. 

11.  The  native  red  oxide,  treated  with  car 
bon  by  a  flrong  fire,  as  we  have  feen,  becomes 
reduced  into  blackifli  agglutinated  grains,  co- 
vered with  a  red  and    very  brilliant  metallic 
pellicle. 

15.  The  carbonate  of  titanium  has  not  been 
affayed,  but  by  carbon  mixed  with  the  faline 
fluxes,  and  by  ftrongly  heating  thofe  mix- 
tures, a  reduced  metallic  mafs  was  obtained 
without  fufion,  at  lead  without  complete 
fufion,  the  furface  of  which  was  red  and 
brilliant,  and  of  which  the  internal  cavities 
were  frequently  lined  with  prifmatic  cryftals 
fimilar  to  thofe  of  the  oxide  of  manganefe. 
When  the  crucible  breaks  in  this  experiment,  the 
matter  fpread  about,  applies  itfelf  to  the  furface 
in  a  metallic  plate  of  the  fineft  purple-red, 
fimilar  to  a  leaf  of  jewellers  foil,  which  circum- 

fiance 
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ftance  annbunces  a  fpecies  of  fiifion  in  the 
reduced  titanium  fufficiently  maliifeftj  though 
it  has  never  yfet  been  obtained  in  a  collefted . 
button,  for  want  df  yeffels  to  fupport  the  heat, 
without  theinfelves  becoming  fufed  at  a  tem- 
perature above  l66  degrees  of  Wedgwood's 
thermometen 

13i  Neither  titanium,  nor  its  naLtive  oxide, 
nor  its  artificial  carbonate,  have  yet  been  treated 
withhidrogen,  phofphorus,  fulphur  or  any  othef 
metallic  fubilance^ 

t5.  Treatmefit  with  Water  and  the  Oxides. 

14;  The  aftion  of  titanium  upon  water  and 
the  metallic  oxides  has  not  yet  been  tried ;  lb 
that  we  cinnot  ftate  its  rank  of  attraftion  for 
oxigen*  There  was  no  motive  to  examine  that 
of  the  artificial  carbonate  of  titanium  on  thefe 
bodies.  It  was  known  that  it  is  not  foluble 
in  water  fihce  it  was  fepatated  from  the  alka- 
line carbonate  formed  by  this  liquid,  and  it 
was  more  natural  to  try  the  native  oxide 
with  the  metallic  oxides,  with  the  intention 
that  by  adding  the  reducing  fubftanccs,  the 
titanium  might  be  obtained  by  the  common 
rcduftion  of  the  metallic  alloy* 

15.  The  memoir  of  citizens  Vauquelin,  and 
Hccht,  contains  feveral  experiments  of  this  aflay 
of  the*  native  oxide  of  titanium  with  various 
metallic  oxides,  with  charcoal,  oil,  or  black 
flux,    and  expofeJ  to  a   violent  heat.     That 
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with  the  oxide  of  lead,  andafoartitofthcformeij 
was  found  dijQTeminated  in  grains,  in  a  blackift 
brown  mafs  not  fufed;.  thatof  ,arfemc  fix  parts 
to  one  of  the  oxide  of  titanium  afforded  a 
black  glafs,  compad  and  well  fufed  without 
appearanice  of  metallic  mattery  that  of  copper 
in  equal  parts,  aiForded  only  a  greenifh  grey 
fooi-i^,  tiiidef  which  was  fauild  a  fmall  button 
i^f  pure  copper ;  that  of  filrcr  alfo  in  equal 
parts  afforded  a  deep  green,  bliftered  fcoria^^ 
interfperfed  with  fmall  grains  of  filver/ cover- 
ing a  button  of  the  metal  in  a  ftate  of  pu- 
rity, and  very  du6lile*  The  oxide  of  iron  in 
equal  parts,  and  half  of  the  native  oxide  of 
titanium,  afforded  in  feveral  fiicceffive  affays, 
by  the  affiftance  of  a  veiy  aftive  flux,  indiv 
cations  of  alloy  between  the  two  metals.  This 
alloy  which  was  well  reduced,  but  did  not  flow 
into  a  button,  was  of  a  grey  colour,  mixed  at 
its  furf^ce,  and  in  its  interior  fliowed  brilliant 
metallic  particles  of  a  gold  and  yellow  colour. 
'We  fee  therefore,  that  titanium  unites  very 
difficultly,  or  even  not  at  all  with  lead,  arfenic, 
copper,  and  filver,  but  that  it  appears  capable 
of  uniting  with  iron. 


H,  Treatmnit 
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a.  Treat  me  fU  with  the  Jcidsi 

16.  The  experiments  with  the  acids  were 
touch  more  mimerous,  and  prefented  refults 
much  more  interefting  than  mod  of  the  other 
experiments  on  titanium^  Mr.  Klaproth  has 
well  defcribed  the  inefficacy  of  thefe  folvents  on 
the  red  native  oxide  of  titanium,  and  their  ac- 
tion upon  the  carbonate  of  that  metal.  Citi* 
zens  Vauquelin  and  Hecht  have  fliown  with 
greater  care  and  accuracy,  the  effeds  they  pro- 
duce on  the  metallic  titanium  and  its  artificial 
carbonate.  As  the  mod  remarkable  chafafters 
of  this  new  metal  confift  in  thofe  various  ef- 
fe6b ;  I  ihall  here  defcribe  them  fufficiently  at 
length  to  give  an  accurate  knowledge  of  the 
fame. 

17.  Titanium  (numbers  3  and  5)  treated  with 
concentrated  and  boiled  fulphuric  acid,  afforded 
fulphureous  acid  gas,  and  was  changed  into  a 
vhite  oxide^  part  of  which  remained  diffolved 
in  the  acid.     This  folution  prefented  all  the 
charafters  of  the  folution  of  carbonate  of  ti- 
tanium in  the  fame  acid  which  will  fpeedily  be 
Tnentioned;    there  is,  confequently,  no  doubt, 
as  Citizens  Vauquelin   and  Hecht  remarked, 
that  the  red  metallic  fubftance,  obtained  by  the 
Teduftion  of  the  native  oxide,    is  the   metal 
titanium. 

M  2  18.  The 
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18.  The  nitric  acid  long  boiled  upon  this 
metal,  did  not  exhibit  any  remarkable  efFeft; 
iieverthelefs,  the  brilliant  points  of  this  metal 
were  changed  into  a  white  fubftance,  which 
Ihows,  that  they  were  oxided  at  their  furface. 

19.  The  muriatic  acid  diluted  with  water, 
afforded  much  hidrogen  gas  with  titanium  in 
blue  fcoria.  [We  muft  here  obferve,  that  the 
portion  of  redtitanium  which  was  only  a  fuper- 
ficial  coating,  was  too  fmall  in  quantity  to  be 
fubmitted  in  this  ftate  to  the  aftion  of  all  the, 
acids]  ;  a  coniiderable  quantity  of  white  flakes 
was  formed  in  the  hquor.  The  nitro-muriatic 
acid  converted  it  fpeedily  into  a  white  powder, 
which  was  difperfed  through  the  fluid,  and  the 
furface  of  the  metal  M'^as  alfo  at  firft  covered 
with  a  fimilar  white  pellicle.  We  ihall  faon 
fee,  that  this  fufpcnfion  of  oxided  titanium  by 
the  decompofition  of  water  in  the  muriatic  acid, 
is  fimilar  to  what  happens  between  the  carbonate 
of  this  metal  and  the  fame  acid. 

20.  Mr.  Klaproth  treated  the  native  red 
oxide  of  titanium  from  Hungary,  with  the  ful- 
phuric,  nitric,  muriatic,  and  nitro-muriatic  acid, 
digefted  with  heat  for  a  coufiderable  time  upon 
this  oxide  in  powder.  There  was  no  percep- 
tible action,  and  the  oxide  remained  without 
alteration.  Citizens  Vauquelin  and  Hecht,  by 
treating  the  faniC  red  oxide  of  titanium  from 
St.  Yriez,  obferved,  that  the  fulphuric  acid  con- 
centrated and  boi4ed,  detached  merely  a  few 
perceptible  indications  of  iron,  without  changing 
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the  oxide;  that  the  nitric  acid  was  equally  in- 
effeftual,  and  the  muriatic  acid  produced  only 
a  flight  modification  in  the  colour  which  became 
rether  grey. 

21.  This  is  not  the  cafe  with  the  carbonate 
of  titanium  obtained  by  fufion  of  its  native 
oxide  with  carbonate  of  pot-afli  in  the  experi- 
ments of  Mr.  Klaproth,  as  well  as  in  the  more 
multiplied  experiments  of  Citizens  Vauquelin 
and  Hecht.  All  the  ackis  a6l  in  a  fingular 
manner  upon  this  carbonate,  and  it  is  evident, 
that  this  is  owing,  as  thefe  laft  chemifts  obferved, 
to  the  abforption  of  oxigen  and  carbonic  acid 
occaiioned  by  the  fufion  with  the  carbonate  of 
pot-afli.  It  is  true,  that  it  is  a  remarkable  cir- 
cumftance  to  find  a  native  oxide  not  faturated 
with  oxigen,  which  does  not  take  that  principle 
by  the  a6lion  of  the  nitric  acid,  but  becomes 
charged  with  it  by  fufion  with  the  carbonate  of 
pot-afli.  We  fhould  be  tempted  to  think  with 
Mr.  Klaproth,  that  it  rather  loft  a  portion  of 
oxigen  in  this  fufion  which  it  naturally  con- 
tained, and  which  might  render  the  native  oxide 
infoluble  in  acids,  if  the  experiments  of  Citizens 
Vauquelin  and  Hecht  did  not  compel  us  to 
draw  a  contrary  inference  from  the  fafts  they 
have  fo  carefully  obferved, 

23.  Mr,  Klaproth  afferts,  that  the  carbonate 
of  titanium,  which  he  calls  white  earth  of  this 
metal,  obtained  by  the  a6lion  of  the  carbonate 
of  ppt-afli  upon  the  red  fchorl,  is  totally^  fohw 
\k  by  heat  in  the  fulphuric  acid  diluted  with 
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water,  and  thai  this  clear  folution,  when  cva^* 
poratisd,  becoi^ies  converted  into  a  white  gela-!- 
tinous  and  opaque  fubftance,  In  the  experi-? 
ments  of  Citizens  Vauquelin  and  Hecht,  the 
carbonate  of  titanium,  which  was  boilpd  with 
fulphuriq  acid  at  40**,  produced  an  effervefqence 
and  gave  a  milky  appearance  to  the  fluid ;  many 
white  flakes  fimilar  to  curds  in  milk  were 
formed ;  a  ftronger  heat  completed  the  folutioi^ 
^nd  afforded  a  tranfparent  liquid  ;  this  folutioa 
did. not  afford  cryflals. 

23.  According  to  Mr.  Klaproth,  the  nitric 
3.cid  formed  with  the  carbonate  of  titanium  a 
tranfparent  folution,  which  becomes  of  an  oily 
appearance  in  the  air,  and  affords  tranfparent 
cryftals  in  elongated  rhombs,  as  if  truncated  in 
two  oppofite  points,  fo  as  to  reprefent  hexagonal 
plates.  Citizens  Vauquelin  and  Hecht  obferved 
fomewhat  more  in  this  operation.  The  carbour 
ate  of  titanium,  according  to  them,  effervefces 
ftrongly  with  concentrated  pitric  acid :  whei^ 
the  mixture  is  heated,  the  nitrous  acid  is 
difengaged ;  the  fluid  remains  continually  milky ; 
fugar  added  to  the  mixture  precipitate^  an  oxt 
ide  which  is  whiter  than  the  carbonate  was.  If 
diluted  nitric  acid  be  ufed,  the  oxide  of  tita-» 
nium  is  diffolved,  but  the  folution  becomes  tur-r 
bid  by  heat.  Caloric,  therefore,  oppofes  the 
combination  of  this  oxide  with  the  nitric  acidj 
by  oxiding  the  metal  ftill  more,  ^nd  by  that 
mp^ns  renders  it  infoluble  in  the  apid, 
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24.  Jn  the  experiments  of  Mr.  Klaprx>th,  the 
csubonajte  of  titanium  was  foluble  in  the  muri« 
atic^cid  j  and  this  folution  formed  a  yellowiih 
and  tranfparent  jelly,  in  which  he  pbferyed 
maay  tranfparent  cubical  cry  dais.  Th^  expe* 
riments  of  Citizens  Vauquelin  and  Heclit;  pre* 
fent  Hill  more  inform^ion  refpeding  this  fin*^ 
gular  compound.  The  carbonate  of  titanium 
was  dilTolved  with  effervefcence  in  the  concen* 
t)rated  muriatic  acid,  and  alTumed  a  deep  yellow. 
colour  while  it  was  diffolving,  without  the. 
affiftance  of  heat;  the  folution  was  yellow, 
though  faturq^ted^  it  was  conftantly  acid ;  when 
heated,  it  became  reduced  into  a  flocculent 
magma,  which  was  not  re-diflblved  by  the  ad- 
dition either  of  water  or  of  more  muriatic  acid. 
A  fiajilar  folution,  which  was  not  heated,  re- 
mained tranfparent;  at  60®  of  heat  it  after- 
wards became  a  tranfparent  yellow,  of  a  very 
ftypticacid  tafte  :  by  cooling  of  this  jelly  it  de- 
pofited  many  fmall  cryftals,  which  efflorefce^ 
in  the  air.  AVhcn  this  folution  was  boiled,  ox- 
geujited  muriatic  acid  efcaped  ;  the  oxide  pre^ 
cipitated  by  heat  was  no  longer  foluble  in  th^ 
muriatip  acid  ;  and  the  chemifis  before  cited, 
pioved  that  this  fa6l  is  owing  to  a  difoxidatipo, 
hequfei  it  becomes  capable  of  being  again  dif- 
folved  without  heat,  after  it  h^s  been  long. 
hoileci  with  tlie  nitric  acid.  The  contrary, 
%refpre,  takes  place,  in  this  inftance,  to  what 
happens  with  the  nitric  folution;  the  oxide  of 
titanium  requires  to  be  ftrongly  oxided  in  or$ier 

to 
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to  unite  with  the  muriatic  acid;  and  in  this 

ftate  it  is  only  foluble  at  a  cold  temperature, 

becaufe  the  acid,  when  heated,  feizes  ia,  portion 

of  its  oxigen,  and  renders  it  infoluble.     The 

oxide  of  titanium,   when  too  highly  oxigena* 

ted,,  cannot  be  diffolved  hi  nitric  acid  ;  and 

when  this  laft  folution  is  ftrongly  heated,  the 

titanium,  by  decompofmg  the  nitric  acid,   and 

feizing  oxigen  from  it  during  the  difengage- 

ment  of  nitrous  gas,  becomes  feparated  from 

the  acid,  and  renders  the  folution  of  a  milky 

whitenefs.     When  therefore  it  is  fupercharged 

with  oxigen,  it  is  foluble  without  heat  in  the 

ifnuriatic  acid,  and  becomes  difoxided  by  the 

application  of  heat     The  oxide  of  titanium, 

feparated  from  the  muriatic  acid  hy  the  a6Hon 

of  the  blow-pipe,   aflumes  a  beautiful  lemon-» 
yellow  colour, 

25.  The  folutiqns  of  the  oxide  of  titanium 

in  the  acids  are  precipitated  by  the  carbonate 

of  pot-a/h,  and  by  ammonia,  in  white  flakes,  by 

theprufliate  of  pot-alh,  of  a  grafs  green,  mixed 

with  brown,  by  niit-gall  of  a  reddifh-brown, 

refembling  the  cololir  of  blood,  by  the  arfenic 

and  phofphoric  acid   in  white  powder*     The 

muriiate  of  titanium  in  which  tin  is   plunged, 

becomes  firft  of  a  pale  red  colour,  and  after-» 

wards  of  a  ruby-red ;    zinc  changes  its  yellow 

colour  to  a  violet,  which  paffes  to  that  of  indigo, 

Heat  deftroys  thefe  fine  colours,     The  muriatic 

folutiop  of  titanium  is  not  rendered  tui'bid  by 

water,  charged  with  fulphurated  hidrogen.  The 

ful^ 
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fulpburet  of  ammonia  colours  it  of  a  dirty  green, 
and  forms  a  precipitate  of  a  bluifli  green ;  the 
white  carbonate  of  titanium,  or  the  white  oxide 
feparated  from  the  acids,  becomes  alfo  colour- 
ed of  a  greenifli  blue,  when  the  fulphuret  of 
ainmonia  is  poured  in.  All  thefe  fafts,  curious 
for  the  b^uty  of  the  fpeftacle,  and  the  variety 
of  the  phenomena,  were  difcovered  -  by  Mr. 
Elaproth,  and  verified  by  Citizens  Vauquelin 
and  Hecht*  They  have  added  the  following 
faft;  that  the  light  green  precipitate,  formed 
in  the  muriate  of  titanium  by  the  prufliate  of 
pot-afli,  paiTes  through  brilliant  fhades  of  pur- 
ple, bljLie  and  white,  where  it  Hops,  when  it  is 
decompofed  in  the  midft  of  the  fluid  in  which  it 
was  obtained  by  the  addition  of  alkalist 

H.  Treatment  with  the  Alkaline  Ba/es  and  the  Salts^ 

26.  The  aftion  of  the  alkalis  and  the  falts 
upon  titanium  are  not  known ;  it  appears  to  be 
capable  of  oxidation  by  the  nitrates  and  the 
fuper-oxigenated  muriates. 

27.  The  native  red  oxide  of  titanium,  heated 
with  four  parts  of  pure  pot-afh,  melts  and  be- 
comes divided  at  the  fame  time  that  it  affumes 
a  white  colour;  the  divifion  which  the  alkali 
produces  in  it  renders  it  foluble  in  the  acids^ 
though  it  is  not  fo  in  its  natural  ftate  of  denfity, 

28.  When  heated  by  the  blow-pipe  with  phof- 
pbate  of  foda  and  ammonia,  this  native  oxide 
melts  with  ebullition,  and  affords  a  black  glo- 
bule 
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Inik  wHejni  $ijit jrie^^ ;  hnt  pf ;  ^v^hiph  tJi^c  fragments 
are.  viojet.  i^.i.th  fbor^x,  it  afFords  a  yello\7 
green  cornpoutid  inpiining  to  browa.  Similar 
il|5uiies^  buf  j^ighter,  clearer,  and  more  tranf- 
parqnt:,,are  pbt^ir^efl  by  tre^tting  tl>e  carbonate  of 
tHanium  .^ith  *he  f^me  fnXU;  which-  appears  to 
depend  on  beiog.then  deprived  of  the  fmall 
pflrtiontrpfirop  which  it  contains  in  its  native 
ftate.         ;    :  /     ; 

39-  Wp'bave  already  obferved,  that  when  in  j^ 
crucible,  heated  with  fix  parts  of  carbonate  of 
pot-rfifh,  the  native  red  oxid^  of  tit^piupi  ipelts, 
becomes  g?eenifh,   and  that  by  diluting*  this 
mafein  watpr,  this  fluid  diffolyes  the  eauftic  aU 
kali,    and   leaves  .  the  carbopate    of  titaniunj 
infinitely  .more  divided  th^tn  it  w»s  in  its  patiy^ 
ftate.     This  refult  proves,  that  the  oxide  of  ti- 
tapiun^  when  heated,  has  a  ftronger  attraction 
for  carTbonic  acid  than  pbt-afli'has,  from  yhich 
it  feizes  i\,;  and  as  an  hun^dred  parts    of   the 
oxide  \wigbed73.7,  :afterth\s9pera,tiop,  though 
the  carbonate  of  titapium  lofes  only  .0,25,  of 
carbonic  acid  bv  cakiiiiatipn,  ijt  is  evident,  that' 
t];ieQx|deof  titaniqm  befides  the  carbonic  acjd, 
baa   alfo  abforbed  near  Q,,l  I   of  oxigen  during^ 
yts  treatmi^nt  with  the  alkaline  carbonate.    Tliis 
accurate  experiment  induced  Citizens  Vanquelin 
apd  Hecht  to  fuppofe  c6ntrary  to  the  opinion 
of  Mr.  Klaproth,  that  by  tlxe  effect  of  its  alka- 
linefufion,  the  native  oxide  pf  titanium  becomes 
more  burned  thap  before,  and  in  cqnfequence  of 
thatprocefs^  becomea  ipQre  ibluble  in  the  muria? 

tic 
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tic  acid.  We  mufi,  nevertheleis  add,  that  its 
fiate  of  divifion  alfo  contributes  to  render  it 
foluble,  finqe,  by  heating  it,  and  merely  depriv- 
ing it  of  carbonic  s^cid,  the  fimple  concentra* 
tion,  or  condenfing  of  its  particles,  is  fufiicient 
to  deprive  it  of  its  folubility. 

30.  It  Is  fcarcely  to  be  prefumed,  that  titan* 
ium  can  become  ufeful  in  its  metallic  form  fo 
long  as  no  means  fhali  be  difcovered  of  com- 
pletely reducing  and  fuflng  it ;  and  this  laft 
point  appears  very  difficult  to  be  obtained,  be- 
caufe  this  metal  appears  to  be  no  lefs,  but  pro- 
bably even  more  infufiblc  than  platina.  In  its 
ftate  of  oxide,  particularly  when  purified  and 
attenuated  by  fufion  with  the  alkalis,  it  may  be 
ufed  with  much  advantage  to  colour  enamels 
pottery  and  porcelain.  It  is  alfo  ufed  to  af- 
ford a  fine  ftrong  yellow  on  the  porcelain  of 
Berlin  ;  and  though  it  has  been  rejefted  as  a 
brown  at  the  manufaflu  re  of  Sevres,  where  it  was 
never  found  to  afford  a  uniform  tinge,  this  no 
doubt  arifes  from  the  operators  having  taken  the 
native  oxide  in  which  a  portion  of  iron  may 
caufe  the  vitrification  and  fliade  to  vary  ;  but 
when  purified  and  more  oxided,  it  may  be  ufed 
tocompofe  a  brilliant  yellow  colour  as  is  found 
to  be  the  cafe  at  Berlin.  Befides  M'hich,  when  its 
ftate  of  oxidation  is  varied  and  it  is  mixed  with 
pther  oxides,  we  may  expert  to  obtain  violet, 

orange, 
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or^jige,  brown,  and  green  colours  of  a  variety 
of  tints. 


Article  VIL 
Co7icerning  Uranite. 

^  A.  Hiflory, 

1.  In  the  month  of  Oclober  1789,  a  letter 
of  Mr.  Crell,  inferted  in  the  Journal  of  Phyfit!, 
informed  the  French  chemifts,  that  Mr.  Klu- 
proth,  of  Berlin,  had  difcovered  in  the  pech- 
blende  and  green  glimmer  of  Saxony,  anew 
femi-metal  which  he  named  uranite.  It  was 
announced,  that  this  metal  was  more  difficult 
to  reduce  than  manganefe,  that  its  external 
Qolour  was  grey,  and  that  internally  it  inclined 
to  a  light  brown ;  that  its  fpecific  gravity  was 
6,440,  its  brilliancy  fcarcely  confiderable,  and 
its  hardnefs  moderate  ;  that  it  coul^  be  fcraped. 
and  filed .;  that  its  oxide  afforded  by  the  ^flift' 
ance  of  a  flux,  a  deep  orange  colour  for  porce- 
lain* 

2.  In  April  1790,  the  differtation  of  Mr, 
Eiaprpth  on  this  new  metal  was  inferted  entire 
in  the  fame  journal.  The  following  is  the  order 
ia  which  the  author  has  arranged  his  work ;  it 
is  divided  into  twenty-nine  paragraphs. 

The  firft  paragraph  ej^hibits  the  opinion  of 
authors  refpeding  the  pech-blende  of  George 

Wagsfort, 
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Wagsfort,  JohnatGeorgenftadt.  Mr.  Werner, 
ranked  it  among  the  ore  of  iron ;  and  fufpeded 
that  it  confifted  of  a  combination  of  tungftic 
acid  with  metal. 

In  the  fecond  paragraph,  the  ore  of  the  new 
metal  is  carefully  defcribed  and  diftinguiflied 
into  two,  varieties  :  the  firft  of  a  fteel  grey,  hav- 
ing the  fpecific  gravity  7,500,  mixed  with  par- 
ticles of  fulphuret  of  lead  ;  the  fecond  blacker, 
more  brilliant,  Ifefs  hard,  accompanied  witli  yel- 
lowilh  earth,  mixed  with  fquare  green  plates  of 
glimmer,  or  green  mica. 

In  the  third,  he  examines  the  pech-blende 
by  the  blow-pipe  without  addition,  and  with  fa- 
line  flux. 

In  the  fourth,  he  treats  it  in  the  retort  and 
by  roafting ;  he  obtained  fulphureous  acid  and 
fulphur ;  he  obferves,  that  when  the  veffel  is 
open,  it  increafes  in  \N^ight  after  having  loft  its 
fulphur. 

In  the  fifth,  he  examines  it  by  the  fulphuric 
and  by  the  nitric  acid,  which  diffolves  it  better 
and  feparates  the  fulphur. 

In  the  fixth,  he  treats  it  by  the  muriatic  and 
the  nitro-muriatic,  which  feparates  the  fulphur, 
develops  the  lead,  and  affords  cryftals  of  fait 
formed  by  the  new  metal. 

In  the  leventh,  he  defcribes  fome  properties 

of  its  nitric  and  nitro-muriatic  folutions. 

.     In  the  eighth,  he  fpeaks  of  its  precipitations 

by  the  prufTiate,  and  by  the  alkalis,  which  are 

conflantly  yellow.  r 

In 
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In  the  ninth,  he  announces  thofe  precipitstted 
which  form  the  carbonates. 

In  the  tenth,  he  fliows  the  folubility  of  the 
new  metal  precipitated  from  its  folutions  by  the 
acids;  it  is  greater  than  that  of  the  ores. 

In  the  eleventh,  we  find  that  pech-blendc  iB 
infoluble  in  the  alkalis. 

In  the  twelfth,  the  oxide  by  precipitation  h 
examined  by  the  blow-pipe,  and  by  the  fluxed  i . 
the  author  fpeaks  of  unfuccefsful  attempts  to 
reduce  it  by  means  of  the  fiuxes# 

In  the  thirteenth,  and  fourteenth,  he  defcribes 
the  fucceffive  ptocelfes  by  which  he  fucceeded 
befl  in  this  reduftion. 

In  the  fifteenth,  renouncing  the  expeftatioil 
of  afcertaining  the  properties  of  this  new  metal 
in  the  metallic  flate,  he  examines  the   colour 
which  its  oxide  may  be  capable  of  giving  to 
glafs  and  to  porcelain. 

In  the  fixteenth,  concluding  from  all  the  ex- 
periments  before   defcribed,  that  pech-blendc 
contains  a  new  metal,  he  names  it  uranium,  af- 
fuming  after  the  manner  of  the  ancient  philofo- 
phers,  the  name  of  the  new  planet  difcovered  by 
Herfchel,  Uranus. 

In  the  feventeenth,  he  examines  the  native 
metallic  oxide  of  uranite  in  a  pure  ftate,  which 
is  found  in  the  ;iiine  of  George  Wagsfort,  and 
is  the  yellowifli  earth  mentioned  in  his  fecond 
j>aragraph. 

In  the  eighteenth  and  nineteenth  paragraphs, 
he  refers  to  the  ores  of  uranite,  the  glimmer, 
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(JT  green  mica,  which  is  found  at  the  place  lad 
mentioned,  and  at  Eibenftock,  which  Bergmann 
fuppofed  to  be  muriate  of  copper,  and  was  called 
caichollte  by  fome  mineralogifts,  but  is  merely 
the  oxide  of  uranite  coloured  by  the  oxide  of 
co^r ;  fome  fpecimens  contain  no  copper,  and 
have  the  yellow  colour  of  wax.  At  the  end  of 
his  differtatioiiy  he  concludes  Uiat  we  mud  place 
uranite  a^  a  new  genus  among  the  brittle  metals 
of  difficult  fufioni  He  diftinguiihes  three  fpe- 
cies,  !•  The  fulphur^ous  uranite,  of  which  there 
are  l\<ro  varieties,  the  firft  of  a  deep  grey  mixed 
with  fulphuret  of  lead ;  the  otlier  black,  refem* 
bliug  pit  coal.  2*  The  utanite  of  a  yellow,  and, 
as  it  were,  earthy  oxide.  3.  The  uranite  cryf- 
tallized  in  fquare  plates,  of  which  there  is  one 
variety  pure  and  yellow,  and  the  fecond  tinged 
green  by  the  oxide  of  copper. 


B.  Phjificai  Properties* 

•3.  I  HAVE  given  this  hiHorical  notice  at  ibme 
length,  becaufe  I  was  defirous  of  fliowing  the 
^fficulties  Mr.  Klaproth  found  in  reducing  his 
new  metal,  and  the  impoffibility  of  defcribing 
its  prquerties  in  the  prefent  ftate  of  our  know- 
ledge, at  the  fame'  time  that  the  neceffity  of 
mmining  the  properties  of  its  oxide  becomes 
more  evident.     I  fliall  obferve,  that  the  word 
uranium,  adopted  by  thechemift  of  Berlin,  and 
hidierto  tranflated  into  French  by  the  term 
'    '   '  nrtluite. 
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uranite,  appears  to  tne  as  well  as  to  Citizen 
Guy  ton,  much  better  adapted  to  oui*  language 
by  converting  it  into  the  term  uraine^  which  I 
fliall  hereafter  ufe* 

4.  If  WjC  condcnfe  the  notions  we  poffefs 
refpefting  the  phyfical  properties  of  uranite,  of 
which  the  ores  have  hitherto  been  very  fcarce, 
and  which  no  French  chcmifl  has  yet  obtained 
metallic^  for  want  of  the  fubjefl  j  we  fliall  find^ 
that  thit  metal  has  not  been  obtained  except 
in  a  mafs  flightly  coherent,  confifting  of  fmall 
agglutinated  globules,  like  many  of  the  pre- 
ceding metals.  Its  colour  of  a  deep  grey,  ex* 
hi  bits  a  pale  brown  when  fcratchcd.  It  ha$ 
little  brilliancy,  on  account  of  the  porofity  of 
this  agglutinated  mafs.  It  may  be  fcraped  with 
a  knife  or  worn  by  the  file-  It  is  as  it  were, 
intractable  and  infufible. 

C.  Natural  Hijlory, 

5.  Three  fpecies  of  the  ores  of  uranite  are  at 
prefent  diftiuguiilied. 

A.  The  firft  is  the  fulphuret  of  uranite  ;  it  is 
black,  of  various  depths  of  fhade,  fhiningin  its 
frafture,  and  fometimes  lamellated ;  this  is  the 
pech-blendeof  feveral  mineralogifts  ;  itsTpecific 
gravity  is  between  6,37,  and  6,53.  Mr.  Kla- 
proth  gives  its  fpecific  gravity  7,50.  The  ful- 
phuret of  zinc  with  which  it  has  been  con- 
founded, weighs  only  4,16.  It  contains,  as  it 
fliould  appear,  little  fulphur;    it  often  affords 

iron. 
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iron,  and  fulphuret  of  lead*  The  uranite  exilU 
in  the  metallic  ftate*  Mr.  Klaproth  has  diftin* 
piihed  two  varieties* 

B.  The  fecond  is  the  native  oxide  of  uranite^ 
It  always  exifts  in  the  form  of  yellow  powder  at 
the  furface  of  the  fulphuret ;  there  are  brown  or 
blackiili  varieties,  on  account  of  the  oxide  of 
iron  which  is  mixed  ^vith  it ;  fome  mineralogifts 
have  given  it  the  name  of  uranochre  in  this 
ftate.  Its  fpecific  gravity  is  3,24.  When  it  is 
of  a  pure,  equal,  and  bright  yellow,  it  may  be 
ufed  in  chemical  experiments  as  a  pure  oxide  of 
uranite- 

C.  The  third  ore  of  this  metal  li  the  native 
carbonate  of  uranite.  Tliere  are  two  very  diC* 
tinft  varieties ;  one  of  a  pale  green,  and  fome^ 
times  even  of  a  filvery  white,  according  to  Mn 
Klaproth :  this  contains  little  or  no  oxide  of 
copper ;  it  is  very  fcarce  :  the  other  is  of  a  deep 
very  brilliant  green;  it  is  the  green  mica,  glim- 
mer, chalcholite,  or  brafs  ftone  of  Authors.  It 
has  fometimes  been  taken  for  mica,  fometimes 
for  fulphate  of  barites,  and  fometimes  for.  a 
muriate  of  copper.  Mr.  Klaproth  has  pointed 
it  out  as  an  oxide  of  uranite  mixed  with  the 
oxide  of  copper.  It  has  fince  been  found  to 
contain  carbonic  acid.  It  is  cry  ftallized  in  fmall 
fquare  plates,  with  double  chamfers  at  their  edgesi 
that  is  to  fay,  in  nafcent  o^ahedrons,  and  not 
truncated,  as  fo  many  mineralogifts  have  falfely 
aflferted.  ;  Sometimes,  though  very  feldom,  it  is 
:   VoL.:V,  N  -       found 
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found  in  complete  66lahedrons,  Mr.  ^Klaprotfi 
mentions  it  as  exifting  in  the  cubic  form/ 

The  native  uranite  has  not  been  found  either 
in  alloys,  or  with  its  oxide  combined  with  any 
other  acids  except  the  car^ionic. 

•' ' '  ' 

B*  J/sai/  and  Metallurgy^ 

6.  Theee  are  no  regular  affays  of  the  ores  af 
uranrte,  and.ftiH  lefe,  of  metallurgi^  work^ 
on  this^  metallic  fubftance,  which  has  only  been 
found  in  fmall  quantities  in  Saxony.  Mr.  Kla- 
proth  having  to  a  certain  point  fucceeded  in 
C3ttra6ling  the  metal,  we:  may  confidcr  it,  and  I 
ihall  heie  dcfcribe  his  procefs  as  a  docimaflic 
Inethod.  The  yellow  oxide  of  uranite  precipi- 
tatfed  froM  its  folutions  by  an  alkali  having  been 
mixed  with  honey  and  oil  to  form  -a  pafte,  he 
burned  the  mikture  in  a  teft:  a  black  powder 
remained,  which  had  loft  rather  more  than  one 
fourth  of  its  weight ;  thij  was  put  into  a  lined 
and  welNclofed  crucible,  and  expofed  to  heat  in 
a  porcelain  furnace  iii  con ta6i:  with  another  cru* 
icible,  containing  as  terms  of  comparifon^  oxide 
pf  manganefe  treated  in  the  fame  manner.  After 
the  operation  of  the  heat,  the  latter  was  well 
reduced ;  but  the  oxide  of  uranite  was  beneath 
the  powder  of  charcoal  in  a  coherent  mafs,  fri- 
ftble  between  the  fingers  in  a  black  Ihining 
powder,  which  decompofed  the  nitric  acid 
iwith  cftervefcence,  in  the  form  of  red  Tapour: 
jvhence;,  Mr.  Klaproth  concludes  that  the  oxide 

2  of 
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of^  uranite  was  reduced,  biit  without  fufion,  be- 
caufe  it  is  ftill  lefs  fufible  than  manganefe.  The 
fame  uranite  in  black  powder  was  placed  in 
a  lined  teft  covered  with  calcined  borax,  and 
then  well-clofed-  He  expofed  this  veffel  to 
the  hotteft  part  of  the  porcelain  furnace  :  this 
treatment  afforded  him  the  metallic  mafs,  con** 
lifting  of  very  fmall  agglutinated  globules. 

7.  With  regard  to  the  affays,  the  following 
details,  which  belong  rather  to  the  oxide  than  to 
the  metal,  will  explain  the  procefTes. 

£•  Oxtdahility  by  the  Air. 

8.  Uranite  ignited  in  the  fire  with  expo- 
fore  to  air,  or  by  the  flame  of  the  blow-pipe^ 
underwent  no  change,  fo  that  it  appears  to  be 
difficult  of  combuftion  and  oxidatioUi  In  an 
aflay  with  phofphate  of  foda  and  ammonia,  the 
furface  of  the  globule  became  grafs  green. 

9.  The  yellow  oxide  of  uranite  does  not  melt ; 
it  becomes  of  a  brown ifli  grey  when  long  heated 
incontafl;  with  the  air.  It  is  not  known  whe- 
ther it  lofes  or  gains  oxigen  by  this  procefs. 

F*  Treatment  with  Combu/liblei. 

10.  We  have  feen  that  this  oxide  is  reduced  by 
charcoal  withlieat.  No  ej^pcriment  has  yet  been 
made  to  unite  uranite  with  fulphur,  though  it  is 
very  probable  that  its  ore  might  be  ai-tificially 
formed  in  this  manner.     Neither  is  its  combina- 

N  2  tipn, 
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tion  with  phofphorus  known.  It  appears,  that 
uranite  combines  readily  withitfince  Mr.  Ricliter, 
by  treating  the  oxide  of  uranite  with  bullocks 
blood  and  a  forge-heat,  obtained  a  button  fimilar 
to  cobalt  in  its  colour,  Very  fliort  and  brittle 
M'hich  as  Mr.  Gren  thinks,  was  manifeftly  phof- 
phorated,  and  owes  its  great  fufibility  to  the 
phofphorus  which  it  contains. 

11.  We  have  no  knowledge  irefpefting  the 
alloys  of  which  titanium  may  be  fufceptible, 
and  we  find  no  experiment  relating  to  this 
objeft  among  thofe  of  Mr.  Klaproth. 

G.  ABion  upon  Water  and  the  Oxides. 

1 2.  Th  e  fame  obfervation  applies  to  its  aftion 
upon  water  and  the  metallic  oxides ;  thefe  have 
not  been  appreciated,  neither  can  we  fay  any 
thing  refpefting  its  comparative  attraction  for 
oxigen. 

H.  Treatment  with  the  Acids. 

13.  Except  the  decompofition  of  the  nitric 
acid  by  uranite,  in  the  black  brilliant  powder 
which  I  have  already  mentioned  in  the  article  of 
aflay,  there  is  no  fa6t  yet  known  concerning 
the  mutual  aftion  of  this  metal  and  the  acids  ^ 
but  the  action  of  thde  burned  bodies  upon  the 
oxide  of  uranite  has  been  better  appreciated; 
the  principal  part  of  the  labours  of  Mr.  Klaproth's 
inquiry  cohtifts  in  this,  and  the  moft remarkable 
/  "  "  charafters 
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chara6lers  of  the  metal  here  treated  are  tlnis 
afcertained. 

14.  The  yellow'oxide  of  uranite  is  readily  dif- 
fdved  in  the  fulphuric  acid  diluted  with  m  ater, 
and  affords  by  evaporation,  a  fait  of  a  lemon 
colour,  in  fmall  prifms  united  in  bundles.  This 
fulphate  of  uranite  diffei's  in  its  colour,  its  form, 
and  its  other  properties  from  all  the  known  me- 
tallic falts. 

15.  The  nitric  acid  alfo  diffolves  the  oxide  of 
uranite  with  much  facility;  the  folution  by 
gentle  evaporation  affords  large  cryftals  in 
hexagonal  tables  of  a  light  or  yellowifh  green, 
which  arc  very  regular.  This  nitrate  of  uranite 
is  one  of  the  moft  beautiful  metallic  falts  we 
know  of. 

16.  The  muriatic  acid  alfo  diffolves  the  oxide 
of  uranite,  and,  according  to  Mr.  Richter,  af- 
fords fmall  yellowifli  cryftals  of  muriate  of 
uranite,   which  are  deliquefcent. 

17.  The  fluorie.acid  combines  with  this  oxide, 
diflblves  it,  and  forms  a  cryflallized  fait  un- 
changeable in  the  air, 

18.  The  phofphoric  acid  united  to  the  oxide 
of  uranite,  forms  yellowifli  white  flakes  flightly 
folubl6  in  water. 

19.  Arfenical  acid  unites  with  this  oxide  by 
clecompofing  the  nitrate  of  uranite  by  the  alka- 
line arfeniates.  A  precipitate  of  whitifh  yellow 
is  thus  obtained, 

20.  The  molybdate  of  uranite  is  alfo  obtained 
according  to  Mr.  Richter,  in  powder  of  a  yeU 

low 
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low  white,  with  brownifti  reflections,  by  pouring 
the  folution  of  molybdate  of  pot-afli  into  the 
nitrate  of  this  metal. 

21.  The  acid  folutions  of  the  oxide  of  ur^iite 
are  precipitated  by  the  alkaline  fulphurets  in  a 
brownifli  yellow,  and  their  furface  is  at  the  fame 
time  covered  with  a  grey  metallic  pellicle  ; 
the  infufion  of  nut-gall  thrown  into  one  of  thefe 
folutions,  of  which  the  excefs  of  acid  has  been 
abforbed  by  an  alkali,  forms  a  chocolate-brown 
precipitate.  Zinc,  iron,  and  tin  plunged  in 
the  folution  feparate  nothing,  and  produce  no 
modification  in  its  colour,  either  with  or  without 
heat.  The  fixed  alkalis  precipitate  from  thefe  folu-' 
tionsa  lemon-yellow  coloured  oxide  ofuranite. 
Ammonia  affords  a  yellower  precipitate;  the 
alkaline  carbonates  feparate  a  carl)onate  of* 
nranite  of  a  white  yellow,  which  is  re-diffolved 
in  an  excefs  of  the  precipitants. 

I.  Treatment  with  the  Bafts  and  the  Salis^ 

23.  The  fixed  alkalis  do  not  diflblve  ui-anite 
nor  its  oxide  in  the  humid  way,  even  at  the 
boiling  heat ;  the  oxide  merely  affumes  a  deep 
brown  colour.  The  alkaline  carbonates,  on  the 
contrary,  diflblve  it  eafily,  and  the  acids  pre- 
cipitate from  thefe  folutions  ^n  qxide  of  a  clear 
yellow  colour, 

23.  The  oxide  of  uranite  combines  with  the 
falirie  fluxes,  and  communicates  different  colours 
to  them  according  to  their  nature,  proportion, 

and 


UJIANITE,  1«3 

and  (tsAe.  Among  others,  the  following  coloura- 
tions are  known, 

A.  Eight  parts  of  prepared  filex,  four  parts 
of  pot-alh,  and  half  a  part  of  the  oxide  of 
uranite  afford^  by  fuCon,  a  glafs  of  a  bright 
tranfparent  brown  colour.  Soda  fubftituted  to 
pot-afli  in  this  compofition,  produces  a  glafs  of 
a  grey  black. 

B*  One  pnrt  of  the  oxide  of  uranite,  eight 
parts  of  filex,  and  the  fame  quantity  of  calcined 
borax,  afford  a  glafs  fimilar  to  the  fmoky 
topaz. 

C.  The  lame  proportion  of  filex,  oxide  of 
uranite,  and  vitreous  phofphoric  acid  afford 
an  apple-green  enamel  fimilar  to  the  prafe  or 
chryfo-prafe. 

D.  Half  a  part  of  this  oxide,  and  eight  pitrts 
of  the  vitreous  phofphoric  acid  fufed  together, 
afford  a  tranfpatent  glafs  of  the  colouir  of  the 
emerald. 

». 

24.  Uranite  has  not  yet  been  employed  on 
account  of  its  fcarcity,  and  the  few  experiments 
to  which  it  has  yet  been  fubjefted*  It  is  evident 
from  what  has  been  here  ftated,  and  from  the 
obfervation  of  thfc  orange  colour  which  its  oxide 
gives  to  porcelain,  that  it  may  be  ufed  for  the 
fabrication  of  coloured  glafs,  enamel,  pottery, 
and  porcelain. 

Aeti- 
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Article  VIII, 
Concernincr  Cobalt. 

A.  Hijlory. 

I.  COBALT,  alfo  denominated  cobolt  occa- 
fionally,  was  unknown  to  the  ancients,  who 
made  their  blue  enamels  with  certain  prepara- 
tions of  iron  according  to  Gmelin,  was,  as  it 
appears,  employed  and  known  for  vitrification 
of  a  blue  colour  about  the  end  of  the  fixteenth 
century.  Preufsler  in  1371,  Jenitz,  and  Harren 
in  1575,  were  the  firft  who  eftabliflied'manu- 
fa£tories  of  glafs  of  cobalt  in  Bohemia  and  in 
Saxony,  It  was  about  the  year  1732,  that 
Brandt,  a  Swedifh  chemift,  extracted  with  fome 
care  cobalt  from  its  ores,  and  announced  it  to 
be  a  peculiar  metal,  different  from  all  other 
metals.  Lehman,  in  his  Cadmiology  publiflied 
in  1761,  ftudied  its  biftory  and  properties  with 
much  depth  and  detail  from  the  time  in  which 
he  wrote ;  but  his  attention  was  more  occupied 
with  its  ore  and  vitreous  blue  than  with  the 
metal  itfelf,  Bergmann  has  added  much  to  what 
was  kno^m  before  his  time ;  he  gave  greatei 
accuracy  to  the  works  of  his  predeceffors  in  the 
examination  of  this  metal.  He  defcribed  it3 
#efemblan€ci3  aiid  differences   compared   wth 
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Bickel,  manganefe  and  iron,  to  which  cobalt 
confiderably  approaches,  and  fliowed  that  it  is 
very  difficult  to  purify.  Scarcely  any  thing  has 
been  done -with  regard  to  it  fince  his  time. 
Moft  of  the  fyftematical  authors  have  treated 
flightly  of  it  Macquer  in  his  dictionary  of 
chemiitry,  has  given  only  half  a  page  of  fomc 
inaccurate  general  notions  refpedingthis  metaL 
For  the  moft  part  it  has  been  too  much  neg- 
lefted  in  chemical  works.  Some  chemifts  ftill 
confider  it  as  an  alloy.  We  fliall  fee  how  little 
foundation  there  is  for  this  opinion, 

B.   'Phyjical  Properties. 

2.  Cobalt  extra6led  and  purified  by  the  pro* 
ceffes  hereafter  to  be  defcribed,  is  of  a  grey 
colour,  inclining  to  rofe  or  red,  of  a  very  fine 
clofe  granulated  texture.  Its  fracture  is  rough, 
and  exhibits  no.  indication  of  plates.  It  is, 
eafily  reduced  into  very  fine  powder,  which  is 
grey  and  of  little  brillianc3%  It  has  always 
been  ranked  among  femi-nietals  on  account  of 
its  brittlenefs.  Its  fpecific  gravity  is,  according 
to  Bergmann  7,700,  and  according  to  Citizen 
Guyton  7,811.  This  laft  chemift  gives  it  the 
fixth  rank  among  the  metals  for  its  hardnefs. 
Replaces  it,  for  its  property,  near  tin,  after  zinc, 
and  gold^  and  before  lead  and  antimony.  It 
has  no  determinate  tafte  nor  fmell,  neverthelefs, 
^l^en  rubbed  for  a  long  time  between  the  fingers 

it 
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it  ftams  them,  and  leaves  a  perceptible  iinpreflion 
in  the  mouth  and  nofe. 

3.  The  condu6ling,  electric,  and  dilatable 
.  properties  of  cobalt  have  not,  been  compara- 
tively examined  with  regard  to  the  other  me- 
tals. Some  authors  have  pretended,  that  it 
is  magnetic  of  itfelf ;  but  it  is  probable,  that 
this  magnetifm  is  owing  to  a  fraall  quantity 
of  iron,  which  remains  almoft  always  alloyed 
with  cobalt,  and  from  which  it  is  very  <lifficult 
to  clear  it. 

4.  Cobalt  is  one  of  the  moll  difficult  metals 
to  fufe,  Neverthelefs,  it  does  not  approach  the 
infufibility  of  titanite,  uranite,  chrome,  nor 
even  platina  and  manganefe.  Many  authors  have 
ranked  it  with  iron  on  account  of  this  property, 
and  Citizen  Guy  ton,  in  faft,  cftimates  its  fufi- 
bili ty  at  1 30  degrees  of  the  pyrometer  of  Wedg- 
wood, like  that  of  iron,  Mr.  Kirwan  compares 
its  fufibility  to  that  of  copper ;  but  it  is  much 
leis.  It  Ignites  long  before  it  melts.  It  flows 
difficultly,  or  it  has  only  a  thick  fufion  in  our 
furnaces.  -  When  fuffered  to  cool  ilowly,  and  by 
decanting  the  liquid  portion  from  the  midft  of 
its  mafs  already  fixed  on  the  edges,  we  find  the 
cavity  lined  with  prifmatic  cryftals,  or  cryftals 
.in  needles  amaffed  together,  which  the  lens  fliow$ 
to  he  placed  irregularly  one  upon  the  other, 
like  the  broken  prifms  of  bafaltes.  This  cryftal- 
lization  fucceeds  very  well,  by  inclining  the 
crucible,  which  contains  the  melted  metal,  at 
the  moment  in  which  its  furface  fixes ;  in  pro* 
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portion  as  the  liquid  portion  flows  off,  the  other 
part  which  adheres  to  the  congealed  mafs  pre- 
fents  thefe  accumulated  prifms. 


C*  Natural  Hiftory. 

5.  We  are  as  yet  acquainted,  with  precifion, 
with  only  four  ftates  of  cobalt  in  nature,  or  four 
ores  of  this  metal ;  for  it  has  never  been  found 
pure  or  native  in  the  earth.  In  the  firft,  it  is 
alloyed  with  arfenic  both  in  the  metallic  (late; 
in  the  fecorid,  the  metal  is  combined  with  ful- 
phur  and  arfenic  at  the  fame  time ;  the  third  is 
an  oxide  of  cobalt,  and  the  fourth  an  arfeniate 
of  the  fame  metal. 

6.  The  firft  fpecies,  arfeniated  cobalt,  com- 
monly called  arfcnical  ore  of  cobalt,  is  of  a 
grey,  or  more  or  lefs  brilliai^t  white  colour,  fome- 
times  mixed  with  red>  of  a  clofe  grain,  fimilar  to 
that  of  cobalt,  without  perceptible  laminse  in 
its  fra6lure,  and  of  the  fpecific  gravity  7,72 ; 
whiter  and  more  brilliant  when  cryftallized  than 
in  its  irregular  pieces,  in  which  laft  form  it  imi- 
tates the  beautiful  white  of  filver.  Its  varied 
forms  are  the  fmooth  cube,  the  oftahedron,  the 
Cubo-o6i;ahedrou,  or  cube  with  eight  angular 
facets.  Tlie  fragments  of  this  arfeniated  cobalt, 
plunged  in  the  flame  of  a  candle,  emit  a  vapour, 
having  the  fmell  of  garlic :  by  the  blow  pipe, 
this  vapour  is  more  abundant,  and  the  heated 
fnafs  becomes  attrajftable  by  the  magnet ;  which 

feems 
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feems  to  fhow  that  this  ore  contains  a  fmall 
quantity  of  iron. 

7.  The  fccond  fpecies  denominated  grey  co- 
balt by  Citizen  Haiiy,  becaufe  its  nature  is  not 
yel  well  determined,  but  which  feveral  niinera- 
logiftshave  called  the  arfenico-fulphureous  ore 
of  cobalt,  or  .cobaJt  with  iron  and  arfenic, 
mineraUzed  with  fulphur,  differs  from  the  pre- 
ceding by  its  grey  colour  of  tin,  and  a  flightly 
yello\villi  colour  internally ;  by  its  lefs  fpecific 
gravity,  which  lies  between  6,33  and  6,45  ;  by 
its  very  laminated  ftrufture  ;  by  the  abfence  of 
the  vapour,  and  fmell  of  garlic,  when  prefented  to 
the  flame  of  a  candle;  by  both  thefe  properties 
by  the  blow-pipe,  though  lefs  ftrong  than  in  the 
arfeniated  cobalt ;  and  by  its  not  becoming  attrac- 
table by  the  magnet,  like  the  former  when  it  has 
been  heated.  This  ore,  of  which  the  form  of  the 
nucleus  is  the  cube,  affefis  in  its  fecondary  forms 
the  oftahedral,  dodecahedral,  with  pentagonal 
faces,  the  icofahedral,  the  cubo-dodecahedral  fo- 
lid,  and  the  cubo-icofahedral  folid,  like  the  ful- 
phuret  of  iron,  which  is  often  found  mixed  with 
it.  The  cubo-dodecahedral  cry  ftals  which  are  fre- 
quently found  in  this  cobalt,  have,  likethofe  of 
the  fulj)huret  of  iron,  their  facets  re6langular, 
charged  w ith  longitudinal  ftreaks  in  different  di- 
reftions  upon  the  three  faces  not  parallel  to  each 
other.  This  fo  remarkable  analogy  in  the  form, 
gives  reafon  to  believe,  that  this  ore  is  a  fulpburet 
of  iron  containing  qobalt.  Citizen  Haiiy  ob« 
fejves,  neverthelefs,  that  there  are  varieties  of  grey 
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cobalt  which  are  not  found  among  the  fulphurets 

of  iron,  and  among  others,  that  which  he  names 

partial  grey  cobalt,  becaufe  the  cuneiform,    or 

decahedron  or  o6lahedron,  with  two  reftangular 

marginal  facets  on  the  extreme  edges,   refult 

from  laws  of  diminution,    which,  inftead   of 

being  repeated  on  all  the  parts  of  the  nucleus 

fimilarly  fituated,  a6l  only  with  refpeft  to  fome 

of  them,  and  confequently,  have  only  a  partial 

exiftence.     This  grey  cobalt  has  not  yet  been 

accurately  analyzed,  though  it  is  the  fpecies  of 

ore  moft  frequently  employed  in  fome  of  the 

arts,  and  particularly  in  the  manufadures  of 
porcelain. 

8.  The  third  fpecies  js  the  black  oxide  of  co- 
balt, named  by  mineralogifts  black  cobalt  in 
efflorefcence,  or  vitreous  ore  of  cobalt ;  it  exifts 
in  black  friable  maffes  fimilar.to  fcoria,  or  in 
ablack efflorefcence,  foiling  the  fingers  and  often 
mixed  with  oxide  of  iron.  It  is  a  pure  oxide 
of  cobalt. 

9.  The  fourth  fpecies  is  the  arfeniate  of  cobalt, 
named  by  mineralogifts,  flowers  of  cobalt,  or  co- 
balt in  efflorefcence.  Its  colour  is  lilac-grey  or  of 
peach-flower,  or  vine  lees;  fometimes  in  fimple 
efBorefcencq,  fometimes  in  rofets  formed  of 
needles  of  a  deep  colour  which  they  preferve 
even  after  pulverization,  and  fometimes  with 
four-fided  prifms  terminating  in  fummits  of  two 
faces.  When  heated  upon  charcoal,  it  emits  a 
ftrong  odour  of  garlic,  and  then  lofes  its  colour 
and  becomes  black.     It  is   frequently  difle-P 
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rates  them.  Thefe  two  metals  are  obtained  in 
the  affay,  l>ecaufe  the  ores  of  cobalt  are  very 
frequently  mixed  with  thofe  of  bifmuth ;  hot 
they  are  not  obtained  when  the  ore  of  cobalt  is 
carefully  fele6led,  and  accurately  feparated  from 
that  of  bifmuth.  We  muft  obferve,  that  the  co- 
balt thus  obtaihe4  contains  almoft  always  arfe- 
nic,  nickel,  and  iron  ;  and  we  fliall  hereafter 
fliow  how  it  may  be  p\irified.  Neverthelefs,  by 
ufing  well-cry  ftallized  grey  cobalt,  we  may  pro- 
cure  the  metal  as  pure  as  poffible,  by  the  fimple 
pracefs  of  redu6lion  here  defcribed;  the  richeft 
ores  afford  from  60  to  80  per  cent,  and  the 
pooreft  only  25. 

14.  Bergmann  and  Eirwan  have  defcribed  me- 
thods for  the  humid  aflay  of  the  cobalt  ores* 
They  confift  in  treating  them  by  the  nitric  acid, 
which  oxides  and  diffolves  the  cobalt  and  the 
iron ;  thefe  oxides  are  precipitated  by  the  car^ 
bonate  of  foda,  then  waflied  and  feparated  by 
the  nitric  acid,  which  diffolves^  that  of  cobalt, 
without  touching  the  iron.  The  ores  of  cch 
bait,  which  contain  the  oxide  of  the  metal,  are 
eafily  attacked  by  the  muriatic  acid.  Thofe 
which  are  difficult  to  diffolve  in  the  firft  men- 
tioned acids,  are  foluble  in  the  nitro-mufiatic; 
Bergmann  confidered  moft  of  the  ores  of  cobalt 
as  containing  this  metal  in  the  native  ftatej  and 
he  did  not  admit  the  ftate  of  oxide,  excepting 
in  the  vitreous  ore  and  the  arfeniate  of  cobalt. 

15.  Scheffer  advifes  to  afcertain  aad  deter- 
mine the  Colouring  property  of  :tbe  ores  of 

cobalt, 


tobali^  becaufe  it  is  by  this  property  tliattliey 

are  ufeful  to  the  arts,  atid  for  this  purpofe  he 

dire^  fufion  with  three  parts  of  common  pot-^ 

afli,  and  five  parts  of  glafs  in  powder;  this  pro^- 

cefs  is  far  from  being  as  accurate  and  ufeful  as 

it  feems  to  be.     It  is  tieceffary  to  feparate  the 

iulphuj*  and  arfenic  by  previous  roafting,  and  to 

oxide  the  cobalt  in  order  to  render  it  more  fuf^ 

ceptible  of  combination  with  glafs:  this  method 

even  then  has  little  real  advantage^  becaufe  it 

does  not  afford  an  accurate  term  of  comparifon 

between   the   different   matters^  vitrified  and 

coloured  blue  by  this  oxide^   It  can  only  be  con«^ 

fidered  as  an,  approximation  of  fome  ufe  to  direft 

works  on  a  large  fcaie. 

16.  The  ores  of  cobalt  are  wrought  in  the 
large  way,  but  not  for  the  purpofe  of  extracting 
i&etaL  'After  pounding  and  waHiing  the  ore^ 
whatever  may  be  its  nature,  it  is  roafted  in  a 
fum^e,  which  terminates  in  a  long  horizontal 
gallery,  conftiruded  of  boards,  and  ferving  for 
the  ufe  of  a  chimney ;  during  the  roafting,  the 
arienic  is  always  contained  in  the  ore  of  cobalt 
(for  we  muft  remark,  that  it  ahnoft  conftantly 
happens  that  two  or  three  of  tlie  four  fpecies  of 
ores  above  defcribed,  are  found  together  in  the 
Veins  or  maffes  of  cobalt  mineral  extrafted  out 
of  the  earth) ;  this  arfenic  oxides  and  fublimes 
fa  the  gallery,  where  it  is  depofited,  one  ftratum 
.^r  .auotl^er,  and  from  whence  it  is  detached 
from  time  to  time  under  the  name  of  white  arfe- 
nic.   If  the  ore  be  mixed  with  bilmuth,  this 
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ftietal  is  reduced,  fpeediiy  fufed,  and  is  coHefted 
at  the  bottom  of  the  furnace;  the  cobalt  re- 
inains  in  the  fiate  of  black  pnlvernlent  oxide^ 
which,  when  mixed  with  two  or  three  times  itc 
weight  of  flint,  ignited  and  pounded,  forms  tb< 
kind  of  grey  powder  folcj  in  commerce  undei 
the  name  of  zafre.  This  being  fufed  with  three 
times  its  weight  of  black  flux,  a  fmall  quantity/ 
of  oil,  or  tallow,  and  muriate  of  foda,  in  a  lined 
crucible,  is  often  ufed  in  the  laboratories  of  che- 
miitty  to  obtain  the  metallic  cobalt  when  its  ore 
is  not  to  be  procured.  It  is  neceffary,  indeed, 
to  ufemuch  flux,  and  a  very'ftrong  fire,  tore- 
iiuce  and  liquefy  this  metal  fo  as  to  obtain  it  in 
the  form  of  a  button  ;  it  is  alfo  frequently  in^- 
pure,  by  mixture  with  iron,  arfenic,  and  nickel ; 
:bifmuthis  alfo  feparated :  fo  that  we  ought  not  t^ 
hive  recourfe  to  this  mixed  oxide^  exceptiag 
when  we  cannot  procure  the  pure  ore  of  cobalt. 
We  may  wafli  it  before  reduftion  and  fuiionitior'<- 
der  to  carry  off^  the  filex,'and  leave  the  oxidealbn<!f. 
In  this  manner  near  one  half  of  the  mafs  is 
fubtra^ed,  which  is  earth,  and  the  metallic 
Qxide^  remaining  after  the  wafhing^  affords  onfi 
fourth  of  its  weight  of  the  metal. 


E.  Cfxidability  by,  the  Air^  ^ 

•'       >  ... 

'        -■  ■     •  * 

17.  Cobalt  6xides  without  its  b^ing'iiecep- 
fary  to  fufe  it;  for  it  is  fufficient  that  it  bQ;hQ8it^ 
and  nightly  ignited  in  a  ihaliow  veffel,'  or  Ikfgp 

'      teft ; 
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J0^;  by  agitation  in  the  air,  its  po^er  lofes  its 
ruddy  coloor  and  brilliancy  ;  it  firft  becomes  cfi 
a  de^  grejj  which  gradually  becomes  black,  or 
rather  of  a  biae,  fo  intenie,  that  it  appeal^ 
Waek.  By  a  very  t^iolent  fire  this  laft  oxide 
floors  into  a  blue^black  glafs.  Cobalt  fufed 
with  the  <?ontad  of  the  air,  becomes  covered 
Vftii  a  tamiiflied  pellicle,  wliich  is  merely  a 
commencement  of  oxidation^  and  affords  the 
&me  black  powder  when  heated  and  agitated 
for  a  long  time  in  the  atmofphere. 

18.  The  temperature  at  which  fufed  cobalt 
irtlay  be  inflamed,  has  not  yet  been  determined.^ 
Itappeifrs  to  abford  0,40  of  its  original  weight 
of  oxide  by  oxidation.  Citizen  Guy  ton  placed 
it  in  the  firft  rank  of  oxidability,  befide  manga- 
ncfe,  iron,  zinc,  and  nickel.  The  charafteriftic 
and  moft  ufeful  property  of  its  oxide  is,  that  of 
affording  a  blue  glafs  by  fufion,  and  of  very  in- 
tenfely  colouring  with  the  fame  tinge  all  the 
fiibftances  with  which  it  may  be  vitrified  ;  it  is 
eafily  reducible  by  charcoal,  which  takes  from 
it  at  the  red  heat,  its  oxigen ;  it  does  not  give 
out  this  principle  by  the  niere  aftion  of  caloric 
or  light. 

i 

V.    VnionxdthConfiJbu/libtcs. 

19.  The  combination  between  azote,  hidro- 

gen,  carbon,   and  cobalt,  is  not  known,  though 

it  is  not  improbable,   that  thefe  combinations 

«ift. 
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20.  Pellctier  has  afcertained  the  union  of  <^ 
bait  with  phofphorusL  By  projedling  fmall 
pieces  of  phofphorus  upon  cobalt,  ignited  in 
fmall  fragmenta  in  a  crucible,  the  cobalt  jname- 
djately  becomes  fufed ;  in  this  manner  it  abibrbs 
about  a  fifteenth  of  its^  weight  of  phofphoroji^ 
and  exhibits  on  its  furface  a  cruft  of  violet  rofe?? 
coloured  oxide.  The  fame  phofphoret  of  co- 
balt is  formed  by  fufing,  in  a  crucible,  a  mixture 
6f  equal  parts  of  vitreous  phofphoric  acid  and 
cobalt,  mixed  with  an  eighth  of  their  weight 
of  powder  of  charcoal  In  proportion  as  the 
acid  palles  to  the  ilate  of  phofphorus,  it  uniteis 
with  cobalt,  which  becomes  melted ;  and  at  the 
bottom  the  phofphoret  of  cobalt  is .  obtained, 
covered  with  a  glafs  of  a  beautiful  blue.  The 
phofphoret  of  cobalt,  prepared  by  either  of  thefe 
proceffes,  is  exa6Hy  the  fame  compound :  it  is 
of  a  bright  metallic  colour,  whiter  than  cobalt, 
inclining  to  blue,  brittle,  and  flightly  needled  in 
its  fracture.  It  is  more  brittle  than  the  metal, 
and  lofes  its  brilliancy  in  the  air;  when  heated 
and  kept  in  fufion  by  the  blow-pipe,  the  phof- 
phorus is  difengaged  from  the  metallic  globule, 
and  burns  on  its  furface ;  and  at  length  there 
remains  a  vitreous  globule  of  a  deep  blue;  which 
proves  that  the  cobfalt  is  fpeedily  oxided  by  the 
fufion  and  combuftion  of  the  phofphorus  in  the 
air,  in  proportion  as  this  laft  principle  is  dif- 
engage<l. 

21.  Sulphur  does  not  unite  with  cobalt  but 
with  difficulty,  fo  that  the  union  with  thefe  two 

combuftible 
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combuftible  bodies  is  not  known,'  but  they  may 
bexjombined  withthe  afliftance  of  the  alkalis. 
This  metal  is  foluble  in  the  alkaline  fulphurets  in 
the  dry  way,  and  the  refult  is  a  fuiphuret,  with 
large  facets  of  a  white  or  yellowifh  colour,  a 
kmd  of  artificial  ore,  from  which  fire  difengages 
the  fulphuf  very  imperfe(6lly,  and  which  cannot 
be  decompofed  but  by  the  acids* 

22.  Cobalt,  alloyed  with  many  metallic  fub- 
ilances,  forms  granulated  and  brittle  me- 
tals; it  unites  to  arfenic,  which  it  retains 
with  great  power,  atid  from  which  it  cannot  be 
cleared  but  with  much  difficulty. 


G.  ASion  upon   Water  and  Oxides* 

23.  Cobalt  acls  neither  upon  water  nor  upon 
the  metallic  oxides,  neither  has  this  metal  fuf- 
ficient  attraftion  for  oxigen  to  feize  it  from 
thofe  bodies. 


H.  ASion  Upon  the  Acids. 

24.  All  the  acids  attack  either  cobalt  or  its 
oxide.  The  concentrated  and  boiling  fulphuric 
acid  is  decompofed  by  this  metal ;  fulphureous 
acid  gas  is  difengaged ;  a  grey  denfe  matter  is 
formed  inclining  to  a  rofe  colour.  If  this  fpt- 
'  cies  of  magma  be  lixiviated,  water  diffolves  the 
fulphate  of  cobalt,  and  affords  a  light  grey  fluid. 

The 


19S  COBALT. 

The  green  folution  defcribed  by  fome  author* 
is  owing  to  nickel,  which  cobait  fometimes  con^- 
tains ;  but  this  colour  is  never  feen  with  very 
pure  cobalt :  the  fame  obfervation  applies  to  the 
two  kinds  of  cryftals  obtained  by  this  folution, 
which  are  mentioned  by  many  chemifts.  The 
-fiilphate  of  cobalt  cryftallizes  in  fmall  needles, ^e^ 
in  tetrahedral  prlfms,  rhomboidal,  terminating  in 
fuiiimits  of  two  faces.     This  reddifh  fait  is  de- 
eompofable  by  fire,  and  alfo  affords  an  oxide  of 
cobait  (lightly  grey,  or  blackifli,  if  urged  by  a 
ftrong  heat.     It  melts,  fwells  up,  and  boils  with 
noife  before  the  blow-pipe.  The  alkalis  and  alkia- 
line  earths  decompofe   it,   and  precipitate  an 
oxide  of  a  yellow  colour,   inclining  to  rofe  or 
flefli-colour ;  one  hundred  parts  of  cobalt  af-» 
ford  an  hundred  and  forty  parts  of  this  precipi- 
tate by  the  pure  alkalis.     When  the  precipita- 
tion is  made  by  the  alkaline  carbonates,  1 60 
parts  of  precipitate  are  obtained  from  100  parts 
of  carbonate  made  ufe  of.     The  oxide  of  cobalt 
in  the  form  of  zafre,   is  eafily'diffolved  in  the 
diluted  fulphuric  acid,    and  conftitutes  a  fait 
fimilar  to  that  which  is  prepared  with  the  metal. 
25.   Cobalt  decompofes  the  nitric  acid  with 
effervefcence,  and  difengagemcht  of  nitrous  g^, 
particularly  with  the  affiftance  of  a  gentle  heat  j 
the  metal  is  oxided  and  diffolves  in  thpacid. 
The  folution  is  of  a  fleih  colour,  or  deep  violet ; 
when  concentrated  it  inclines  to  brown,     By 
cautious  evaporation  it   affords  fmall  reddifb 
prifmatic  cryftals,  which  are  dejiquefcent,  ?ut(i 

'     -    boil 
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boil  upon  ignited  coal  without  detonation,  leav- 
ing a  "deep  red  oxide  after  their  deconipoiition 
by  fire.  The  precipitates  of  this  nitrate  of  co- 
balt, by  the  alkalis,  referable  thofe  of  the  ful- 
phate,  excepting  that  their  colour  is  more  lively 
and  brilliant ;  and  accordingly  it  is  from  this 
fait  that  the  oxided  cobalt  is  almoft  always  pre* 
cipitated  for  enamel  and  porcelain.  An  excefs 
of  alkali  re-diflblves  this  oxide ;  ammonia  more 
particularly  exhibits  that  property  Mobile  the 
precipitate  is  fufpended  in  the  liquor;  never- 
thelefi,  when  it  is  depofited  and  condenfed, 
ammotiia  may  be  ufed  to  dillblve  the  oxide 
of  nickel,  with  which  it  may  be  contaminated. 
The  nitric  acid  is  of  all  acids  that  which  the 
Icaft  readily  diffolves  zafre,  or  oxide  of  cobalt, 
mixed  with  (ilex. 

S,6.  The  muriatic  acid  does  not  diiTolve  co- 
balt without  heat;  by  the  afliftance  of  heat  it 
difiblves  4  fmall  portion ;  the  gas  which  is  dif- 
^ngaged  during  this  folution  has  not  been  ob- 
ferved ;  it  muft  be  hydrogen  gas.  This  acid 
diffolves  oxided  cobalt  with  great  facility  ;  and 
the  mere  ftrongly  it  is  oxided  the  more  ef- 
feftwally  is  the  adion.  By  this  adion  it  is  that 
the  whole -of  the  oxide  of  cobalt  is  taken  from 
tnfre  by  the  muriatic  acid :  this  acid  alfo  tajces 
It  frdm  the  fulphuric  acid ;  it  forms  a  folution 
of  a  bro\yn  red,  which  by  evaporation  affords  a 
muriate  of  cobalt  cryftallized  in  fmall  deliquef- 
cent  needles.  This  folution  is  remarkable  Ifer  * 
the  property  of  becoming  of  a  beautiful  green 

when 
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when  heated ;  it  conftitutes  the  tnoft  ftriking 
and  the  beft  known  fympathetic  ink;  it  muft  be 
diluted  with  water  until  colourlefs.     With  this 
fluid  writing  is  made  on  white  paper ;  the  cha- 
rafters  thus  formed  difappear  in  drying ;    but 
when  brought  near  the  fire,  the  paper  foon  ex- 
hibits the  letters  traced  of  a  fine  pea-green  colour, 
which  difappear  in  cooling,  and  {till  preferve,  if 
they  have  not  been  too  ftrougly  heated,   the 
property   of  refuming   the   green   colour    by 
heat     By  too  much  heat  the  writing  becomes 
brown,  and  no  longer  difappears,  the  paper  being 
fcorched.     This  ink  of  fy  mpathy  is  more  parti- 
cularly made  with  the  nitro-muriatic  acid  and 
zafre.     The  caufe  of  this  colouration  of  the  mu- 
riate of  cobalt  by  heat  has  not  yet  been  afcc^ 
tained.     It  was  formerly  thought  to  be  merely 
drying  which  caufes  the  green  colour  to  appear, 
and  that  it  difappeared  by  abforbing  the  waterof 
the  atmofphere  ;  but  this  opinion  is  falfe,  fince 
the  folution  produces  the  fympathetic  efFeA 
even  if  the  paper  on  which  the  writing  i$  made 
be  put  into  a  bottle,  and  dipped  in  boiling  water, 
for  it  aflumes  the  green  colour,  and  lofes  it  io 
proportion  as  the  water  cools :  it  is  more  na- 
tural to  think  that  this  effeci  depends  on  diU' 
oxidation,  and  that  the  oxide  on  cooling  re- 
fumes  the  portion  of  oxigen  which  it  had  loft. 
Some  chemifts  think  that  cobalt  does  not  fonP 
fympathetic  ink  unlefs  it  containa  irop;  bnt 
tbw  aflertion  is  not  proved,  /^S3^ 

'  97   ^obalt 
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27.  Cobalt  thtown  in  powder  into  the  oxi- 
genated  muriatic  acid  gas,  takes  fire,  and 
burns  with  white  fparks ;  by  this  means  a  pale 
rofe  coloured  oxide  remains,  which  may  be  em« 
ployed  in  the  arts. 

28.  The  phofphoric  acid  diifolves  the  oxide 
of  cobalt,  and  forms  a  reddifh  fluid,  which  be* 
conies  turbidj  an<d  affords  a  depofition  when  the 
acid  is  faturated.  The  fluoric  acid  which  dif- 
folves  it  alfo,  affords  cryflals  by  well-condu6led 
evaporation.  The  boracic  acid  has  no  adion 
upon  cobalt;  it  may  be  combined  with  the  oxide> 
by  mixing  a  folution  of  the  nitrate  of  cobalt 
with  a  folution  of  borax.  There  exifts  a  car- 
bqnate  of  cobalt,  which  is  formed  by  precipi* 
tating  cobaltic  falts  with  alkaline  carbonates. 
We  have  feen,  that  an  hundred  parts  of  this  me* 
tal,  which  afford  only  1 40  of  precipitate  by  the 
alkalis  alone,  afford  160  parts  by  the  car* 
bonate  of  foda* 

89.  The  metallic  acids  combine  with  the 
oxide  of  cobalt  We  are  not  yet  acquainted 
with  the  tiingflate  nor  molybdate,  norchromate 
of  cobalt ;  but  the  arfeniate  of  cobalt  is  eafily 
prepared,  and  well  known.  It  is  formed  by 
uniting  the  nitrate  of  cobalt  with  the  arfeniate 
of  pot-afh,  and  of  foda.  Of  all  the  cobaltic 
falts,  this  is  the  mqft  deep  and  mofl  brilliantly 
coloured  of  the  rofy  red ;  it  very  nearly  refembks 
the  ore  which  was  defer i  bed  in  the  fourth 
fpecies. 

If  ASion 
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L  ASlioH  on  tlic  Bases  <ind  the  Salis, 

!  •■  -  '  I         ■         .    •     • 

•        .-..■•  '  : 

)  • 

'  50.  The  alkalis  and  the  alkaline  earths  hatfc 
no  aftion  upon  cobalt;  they  completely  diffalve, 
with  different  degrees  of  facility,  its  oxide 
wh^n  fufpended  ordiffufedin  crater;  they  ferve, 
or  at  leaft  may  be  ufcd,  to  feparate  thofe  oxides 
from  various  fubftances,  and  even  from  other 
6xides,  which  are  not  foluble  like  this  of  cobalt, 
or  are  lefs  foluble  than  they  in  alkalihe  fub» 
ftahces. 

S 1  .Hie  earths,  and  particularly  filex,  wh6n 
fufed  with  the  oxide  of  cobalt  and  fi±ed  AlWilis, 
formed  a  blue  glals  of  fuch  intensity,  that  very 
little  of  the  ojiiide  muft  be  employed  to  admit  of 
tranfparence  and  a  perceptible  blue  c6loilr :  if 
this  be  not  attended  to,  the  g^lafs  wiU  be  opaque 
aiid  appears  black* 

32.  There  is  no  aftion  between  cobalt  and 
the  fulphates.  The  nitrates  burn  and  oxide 
them  at  an  elevated  temperature  ■  without  de- 
tonation or  perceptible  flame,  and  'this  a€H6n 
is  frequently  ufed  to  prepare  the  *oxide  of  cobalt 
employed  in  'enamels^  pottery,  and  partictilarly 
porcelain.  The  grey  ore  of  the  metal  may  be 
treated  in  this  manner,  after  which,  the  i^ficf  ue 
of  the  detonation  muft  be  wdl  waflied  to  carry 
off  all  the  falts,  and  the  rofe  or  flefh-cololired 
oxide  thus  obtained;  Iniift  be  long  fufpfettded  m 
water,  until  it  be  very  fine,  of  great  purity, 
aad  pf.  a  very  homogeneous  colour.  The  fame 
'  '        *  S  cfre6t 
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tSt&  h  obtained  by  the  fuper-oxigenated  mu- 
riate of  pot-afh,  which  detonates  by  percuflion, 
when  mixed  with  one  third  of  its  weight  of 
cobalt  in  powdeir. 

K.  Ufts. 

S3.  Cobalt  is  not  nfed  in  its  metallic  fonn ; 
it  IS  employed  only  to  make  blue  glafles  or  ena- 
mels; Zafre  is  ufed  for  coarfe  enamels,  common 
potteries,  and  earthen  ware,  in  which  employ 
it  is  mixed  with  vitreous  fluxes.  In  the  manu^ 
faftories  of  porcelain,  much  care  is  taken  to 
have  the  oxides  of  cobalt  very  pure  and  at* 
.tenoated.  The  grey  ore  is  chofen  well  cryftal* 
llaed ;  this  is  roafted,  and  treated  with  the  nitric 
or  muriatic  acid,  or  btherwife  it  is  burned  with 
nitrate  of  pot^afh ;  the  oxide  is  carefully  waihed 
vith  much  water:  by  which  treatment,  the 
oxide  is  obtained  in  violet^coloured  powder, 
very  fine,  and  very  homogeneous,  which  affords 
the  puxeft  and  moil  beautiful  blue,  when  treated 
vith  a  vitteous  flux.  The  elegant  blue  of  the 
porcelain  of  Sevres,  is  of  this  nature. 

34*  At  the  manufactories  in  the  vicinity  of 
the  cobaltsc  mines,  a  vitreous  blue  is  prepared 
in  ^  fine  jpow^er,  which,  in  commerce,  i%  known 
hy  the  name  of  assure,  or  powder-Uue.  The 
^safire  mixed  with  Alex,  is  fufed  with  alkali  fo  a» 
to  afibrd.  a  deep  blue  glafS)  called  fmalt  This 
flnalt  19  tedttced  to  powder  in  mills,  and  the 
powtier  elutriated  in  large  refieto  of  waten  The 

fiift 
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firft  portion  which  falls  down  is  the  heavieft, 
and  is  calkd  coarfe  azure.  In  fucceffion,  four 
ether  azures  of  different  tenuity  are  obtained ; 
the  laft,  which  is  the  fineft  of  all,  is  named 
azure  of  four  fires.  It  is  particularly  ufed  in  the 
preparation  of  the  powder- blue. 

35.  We  muft  remark,  in  concluding  the  hif- 
tory  of  this  metal,  that  cobalt  refembles  feveral 
of  the  preceding  metals,  particularly  tungften 
and  mDlybdena,  in  its  property  of  affording  a 
Wde  colour ;  neverthelefs,  the  blue  afforded  by  the 
others  is  only  tranfient,  and  does  not  take  plaee 
hy  fofion,  whereas,  this  is  conflant,  and  always 
the  iprodu^l  of  vitrification •  Thefe  analogies^ 
and  theiextreme  difficulty  of  purifying  cobaU^ 
have  induced  feveral  chemifls  to  fuppofe,  that 
this  metal  is  only  an  alloy ;  but  it  is  certain,  m 
Bergmann  obferves,  a  man  who  has  carried  the 
philofophy  of  chemiflry  to  the  highefl  point, 
that  thofe.  opinions  refpefling  the  pretended 
alloy  i^f  cobalt  mufl  be  confidered  as  erroneous, 
fo^  long  as  there  are  no  poflTible  experiments  to 
prove,  that  cobalt  can  be  feparated  into  two 
different  metals  in  known  proportion^,  and  that 
-by  alloying  thefe  metals  in  the  fame  proportions, 
.truett  cobalt  can  be  fabricated:  Aa  no  fuch 
prooft  exift,  the  notions  of  authors  in  this  refped 
are  inadmiffible  hypothefes,  and  we  muf^  until 
thefe  proofs  fhall  be  ei^hibited,  confider  cobaU 
Mfi  a  peculiar  metal,  poflefTmg  very  diflinA 
efaara^rs  and  properties  not  to  be  obferved  in 
«ny  other  jne^^,  nor  in  any  alloy  whatfoever, 
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Article  IX, 

« 

Concerning  NickcL 

A,  Hi/lory. 

1 .  HIERNE  Mras  the  firfl  who  mentioned  the 
particular  ore  which  contains  nickel,  in  a  work 
<m  the  art  of  difcovering  metals,  publifhed 
in  1694.  The  ore  was  named  kupfemickel 
or  falle  copper.  Henckel  confidered  it  as  a 
fpepies  of  cobalt,  or  arfenic  mixed  with  cop<^ 
per.  Crs^mer  referred  it  alfo  to  the  copper  and 
aifenical  ores,  though  he  did  not  obtain  copper 
fiom  it ;  which  13  alfo  confeffed  by  Henckel. 

8.  The  opinion  which  clafled  kupfernickel 
among  the  ores  of  copper,  was  generally  adopted 
till  the  middle  of  the  1 8th  century.     In  the 
year  1751   and   1754,  Cronftedt,  a  celebrated 
Swediih  mineralogift,  the  firft  who  formed  the 
iifefiil  projeft  of  clafling  foffils  according  to  their 
chemical  nature,  fhowed,  in  the  Memoirs  of  the 
Academy  of  Stockholm,  that  a  new  metal  might 
be  extracted  from  this  ore,  very  different  from 
^ihpfe  before  known,  which  he  named  nickel, 
^if  opinion  was  foon  adopted  by  the  greater 
part  of  mineralogifts,  though  feveral,   and  par- 
ticularly Citizens  Monnet  and  Sage,  have  con- 
tinued to  fupport,  though  without  decifive  ex* 

periments, 


J>criments,  that  nickel  is  col)alt  allayed  with 
arfenic,  iron,  and  copper. 

3.  Bergmann  endeavoured  to  reconcile  thefc 
opinions  by  a  ftrift  examination  of  nickel  j  he 
gave  a  differtatiott  on  this  metal,  in  the  month 
of  July  1775,  under  the  form  of  a  thefis,  fup- 
ported  at  Upfal  by  Mr.  Ardvidfon,  his  pupil. 
He  particularly  endeavoured  to  determine  whe- 
ther nickel  be  truly  a  peculiar  metal ;  and  in  this 
eXiamination,  he  difpbyed  aU  the  refdurces  of 
ijbe  ^1% ;  and  all  tjie  fltiU  of  a  great  mafie.r.  'The 
g;enerall  refult  of  this  great  work.  wa^*^that 
nickel  which  does,  not  contain  a  paBticle  of  cofr 
per^  is  ufually  alloyed  with  cobalt,  aifexnCy  and 
iron,  which  cannot  be  feparated,  but  with,  thp 
greateft  difficulty ;  but  that,  notwithflsandja^ 
the  impoffibility  of  purifying  it  completely,,  i^ 
properties  are  in  fo  many  refpefl;s  differcQt  frolj 
thofe  of  all  the  other  metals,  and.  thefe  pro- 
perties becoming  more  diftin6l  and  inteafe,  ia 
proportion  as  it  is  purified,  it  is  abfolutely  ne^ 
ieeflary  to  consider  it  as  a  very  diftin^ft,  aiid 
determinate  fpecies.  . 

B.  Thyfical  Properties, 

4,  Nickel,  in  the  higheft  ftate  of  purity  to 
which  it  can  be  brought,  is  of  a  yellowifh  whitCf 
bt  reddiihwhite  of  variable  brilliancy,  and  grants 
latted  texture.     This  texture  is  lamellated  onljT' 
m  the  cafe   of  impurity.     Its  fpecific  gravity 
approaches  nearly  to  9000,  according  to  Berg^ 

manii'^ 


HICKEL.  807 

inann.  Citizen  Guyton  gave  it  only  7807. 
Bcrgmann,  in  various  places,  affirms,  that  it  is 
femi-du6lile,  and  Citizen  Guyton  ranges  it  with 
zinc,  with  regard  to  this  property  ;  but  it  is 
evident  there  is  an  error,  or  at  leatt,  a  great  un- 
'  certainty  in  this  eflimation,  fince  the  celebrated 
Swedifli  cheniift  remarks,  that,  notwithftanding 
the^  giDeatefL  purification,  this  metal  contains 
moore  tham  a  third  of  its  weight  of  iron :  jLt 
therefore  appealed  to  him  impoffiblq  to  deter- 
Biine  .Trifeh  exai£lnef$,  its  real  fpeci  fie  properties^ 
^auie^  aa  he  obferves,  the  iron  muft  modify 
ihem  in  a.  certaiit  refpe6t.  It  is  therefore  evi- 
dent^ that  we  ought  to  attribute  the  femi- duc- 
tility .and  znagnetic  property,  particularly  the 
]K>larity»  which  nickel  fometimes  exhibits  to  this 
ifiislal^  namely,  the  iron.  Citizen  Guyton  gave 
it :  the  iecond .  cla&  for  haixl^eis,  after  man- 
ganelb  and  iron,  which  occupy  the  firfl  fiatioa 
in  this  tabic,  and  upon  the  fame  line  as  platina;  it 
is  reryi  diflicult  to  fufe,  and  the  fame  chemifl 
places  it  along  with  iron.  Its  dilatability  and 
eondiu6ting  power  as  to  calbric,  have  not  been 
yet  determined,  neither  has  it  been  yet  obtained 
in  the  cryftallized  ftate.  Its  fmell  or  tafte  have 
not  been  determined,  though  it  is  probable, 
that  it  poffeffes  peculiarities  with  regard  to  both, 

C   Natural  Hiftory, 

■;?..  Th  EKE  are  three  ores  of  nickel,  very  dif- 
Wtift  and  very  eafy  to  be  diftinguilhed. 
•^'"^  '•'•  Specie! 
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Species  I. 
Sulphurit  of  NickeL 

This  is  the  tnoft  abundant  and  moft  eafy  td 
diftinguiih.  It  has  been  denominated  kupfer-^ 
nickel  by  Hieme>  who  firft  defcribed  it ;  it  is 
of  a  rcddifli  yellow  colour,  of  little  brilliancy, 
refembling  tarniihed  copper,  with  which  its  af- 
pe6i;  always  tends  to  confound  it,  Its  frai6hire 
is  rugged,  unequal,  and  its  texture  fine-grained 
sndclofe;  it  eafily  lofes  its  brilliancy  in  the 
air,  becomes  tarniihed,  brownifh,  and  at  length 
covered  with  greenifli  fpots*  It  forms  a  vein 
in  the  earth.  This  ore  has  not  been  exafiiy 
analyzed;  it  is  known,  however,  that  it  con- 
tains fulphur,  nickel,  arfenic,  cobalt,  and  ifop; 
The  fulphuret  of  nickel  exifts  in  Sweden^  in 
Saxony,  in  France,  &c.  It  is  very  far  from 
being  as  fcarce  as  Bergmann  pretended,  fince 
it  is  found  in  tons  at  many  of  the  druggifts  ia 
Paris, 


Species  IL 


Ferruginous  Nickel. 


:  I  GIVE  this  name  to  an  ore,  which  Baron de 
Born  has  defcribed   in  his  catalogue  of  the 

cabinet 
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cabinet  of  Madamoifelle  de  Raab,  under  thcf 
denomination  of  nickel  alloyed  with  iron,  with- 
out atfenic  or  cobalt,  and  which  he  fays  was 
found  at  Joachim  in  Bohemia,  Its  texture 
is  foliated,  and  it  is  formed  of  rhomboidal 
plates  applied  each  other  ;  its  recent  frafturc  is 
of  a  pale  yellow,  which  becomes  black  by  the 
contaft  of  the  air. 


Species  III. 
0.vide  of  NickeL 

It  is  of  a  bright  and  agreeable  green  or 
greenifh  colour.  It  is  commonly  found  at  the 
furface  of  thefulphuret  of  nickel,  which  it  fome- 
times  covers  entirely,  like  fuperficial  coating ;  it  . 
is  not  known  either  alone  or  folid,  or  in  any 
regular  form,  it  is  probable,  that  it  contains 
carbonic  acid,  from  the  property  which  Cron- 
fiedt  attributes  to  it.  It  is  this  oxide  which 
colour*  the  prafe,  according  to  Klaproth's  ana- 
lyfis.  It  is  frequently  mixed,  or,  as  it  were, 
interrupted  by^  a  powder,  or  efBorcfcence  of  a 
wliitifh  colour.  Mr.  Kirwan  fufpeds  its  exiftence 
in  fome  fpecies  of  flate  and  horn-ftone,  becaufe 
thefe  ftones  colour  tbe  nitriq  acid  of  a  beau- 
tiful green. 

Befides  thf^k  thr^e  fpecies,  Bergmann  aiTerts, 
that  it  is  not  rare  to  find  native  nickel,  or  nickel 
with  very '  little  fulpbur,   but  combined  with 

Vol.  V.  iP  ironj 
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iron,  cobalt  and  arfenic^  and  that  it  exifts,  thus 
mineralized   by  fulphuric  acid.     Rinman  alfo 
affirms,  that  nickel  has  been  found  native  in 
Hcfle;  it  is  heavy,  of  a  deep  red,  forming 
kind  of  produ6t  of  the  furnaces  among  the  ma^ — 
terials  from  which  nickel  may  be  extra6led.     life 
i§  Confidered  as  an  alloy  of  cobalt  and  bii^ 
muth,  by  the  medium  of  nickel. 

D.  Assays;  Metallurgy. 

7.  The  ore   of  nickel  is   reduced  after  th^e 
manner  of  Cronftedt,  by  firft  roafting  it  to  driv^e 
off  the  fulphur  and  arfenic ;  by  which  treatmermt 
it  lofes  one  third  or  half  its  weight.     After  tli.is 
operation,  it  is  found  of  a  green  colour,  whicr  h 
is   deeper  the  more  abundant  the  nickel:    it 
fometimes  is  feen  during  the  roafting,  when    it 
is  left  without  agitation,  that  corali-form,  hajrd 
vegetations   are  formed,    M-hich   are  fonoroix s, 
i^rhen  ftruck.     The  roafted  ore  is  mixed  with 
two  parts  of  black  flux,  then  placed  in  a  cruci- 
ble covered  with  muriate  of  foda,  and^heat^^ 
by  fufion  in  a  forge-furnace.  After  the  apparat"US 
is  cold,  a  metallic  button  is  found  under  bro\if^^*^ 
fekckifli  or  blue  fcoria,   which  conftitutes  frc^^tn 
the  tenth  to  the  half  of  the  original  weight 

8.  But  the  fifft  metal  thus  obtained,  notwitl^"" 

ftanding  the  ftrong  action  of  heat  appKed   t^ 

the  ore,  is  very  far  from  being  pure;  it  is  ftJl* 

an  alloy  of  nickel  with  cobalt,  arfenic,  and  par^ 

ticularly  iron,  and  is  attra^ed  by  the  load-ftoBft 

it  is  even  from  the  various  proportions  of  thi* 

'       metal, 
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tnetal,  that  nickel  acquires  its  variety  <)f  fpecific 
gravity  and  of  grain,  either  irregular  or  in  plated^ 
and  of  a  colour,  which  inclines  from  red  to 
yellow.     The  metal  obtained  by  Cronftedt  in 
1750,  was  very  far  from  being  pure;  he  tie- 
fcribed  it  as  breaking  with  large  plated  fraftur^i 
and  Bergmann  had  an   opportunity  of   Cxa:- 
mining  a  portion  fufed  by  this  mineralogift, 
M'hich  was  found  in  the  collection  made,  and 
left  by  Sw^ab  to  the  academy  of  Upfal.     The 
care,  the  patience,  and  the  fagacity  exhibited 
by  Bergmann  in  his  attempts  to  purify  nickel, 
are  unequalled,  and  nothing  can  better  fhow  at 
the  fame  time,   the  almoft  infurmountable  dif- 
ficulty of  obtaining  it  in  a'feparate  ftate,  than 
the  refult  of  his  numbcrlefs  and  indefatio^able 
affays  made  upon  the  metal  extra6ted  by  Crort-* 
ftedt  himfelf^     As  this  is  the  moft  eflential  part 
of  its  hiftory,  I  fhall  enter  into  fome  detail  re- 
Ipefting  the  experiments  of  Bergmann,  in  order 
to  fhow  the  properties  he  difcovcred  in  this 
metal  in  his  attempts  to  purify  it.     lie  fiibjecied 
it  to  fix  fucccflivc  roaftings  and  fcorifications, 
each  of  which  lafted  from  ten  to  fourteen  hours, 
an^  after  each  fcorification,   he  reduced  it  with 
black  flux.     By  this  treatment,  it  emitted  va- 
pours of  arfeuic,  and  a  white  vapour  which  had 
mot  the  fmcll  of  garlic;  the  powder  of  charcoal 
Which^  he  added  in  his  operations,  facilitate 
the  difengagement  of  the  arlenic :  neverthelefs, 
after  thefe  fix  roaflings  and  graduated  reduc- 
tion^ the  mckeV  though  much  diminiflied  in 

P  2  weight, 
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weight,  emitted  a  fmell  of  arfenic  when  heated, 
and  it  was  attrafted  by  the  magnet.  Bergman* 
roafted  it  a  feventh  time  by  a  violent  heat  dur- 
ing fourteen  hours,  adding  powder  of  charcoal, 
without  drawing  off  any  arfenic,  or  occafioning 
any  lofs  of  its  weight.  The  oxide  thus  ob- 
tained, was  of  a  reddifli-yellow  colour,  with  a 
few  traces  of  the  green  tinge.  By  this  reduc- 
tion he  obtained,  under  the  fcoria  which  con- 
tained no  iron,  a  very  fmall  globule  which  was 
ftill  attra6led  by  the  load-ftone. 

9.  The  treatment  with  fulphur,  which  ap- 
peared to  Bergmann  to  have  a  great  attra6lion 
for  nickel,  and  which  he  hoped  might  feize  that 
metal,  and  feparatc  it  from  the  iron,  was  not, 
however,  attended  with  greater  fuccefs  than  the 
former  procefs.  Byfufmgthe  metal  obtained 
by  Cronftedt  >vith  fulphur,  and  a  fmall  quantity 
of  borax,  he  obtained  a  red  mafs  inclining  to 
yellow,  which,  with  eight  hundred  parts  of 
metal,  acquired  the  weight  of  feventeen  hun- 
dred. He  fcorified  half  this  i^iafs,  fo  as  to  ex- 
hibit the  vegetations  which  the  oxide  of  nickel 
ufually  affords  ■  he  obtained  eight  hundred  and 
iifty-two  parts  of  this  oxide,  which,  when  fufed 
with  the  other  part  which  had  not  been  fcorified, 
afforded  fulphiirct  of  nickel  of  a  yellowifh  wliite, 
weighing  eleven  hundred  and  two;  in  this  cafe, 
there  were  near  fix  hundred  parts  loft.  This 
fulphuret,  after  four  hours  roafting,  became  co- 
vered with  vegetations  ;<- the  addition  of  char- 
coal diffipatcd  the  arfenic ;  he  obtained  an  oxide 

of 
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of  a  bright  green,  weighing  1038,  M'hich,  by 
rcdudion,  afforded  594  parts  of  a  metal,  much 
attrafted  by  the  magnet,  very  dii/ililc,  and  very 
refractory.  This  metal  being  fufed  again  withful- 
phur,  one  half  then  fcorified  and  fufed  with 
the  other  fulphurated  half,  and  this  whole  mafs 
roafted  for  four  hours  and  again  reduced,  af- 
forded a  metal,  red  without,  of  an  afl^-coloured 
white  within,  very  brittle,  and  of  which  the 
fpecific  gravity  amounted  to  7,1/0.  When 
mineralized  a  third  time,  and  treated  again 
in  the  fame  manner  as  tlie  two  firft  times  by 
roafting  with  charcoal-poMTr  for  twelve  hours, 
till  it  exhibited  no  longer  any  trace  of  the 
prefence  of  arfenic,  it  afforded  an  oxide  of  an 
alh-green  colour,  from  which,  by  rcduftion  with 
the  mofl;  violent  fire  of  a  forge,  was  obtained 
a  metal  fo  refraftory  thatjt  could  not  be  fufed 
into  a  button :  it  was  under  a  fcoria,  of  a 
hyacinth  colour.  It  weighed  8,66.  It  was 
attrafted  by  the  magnet;  its  dudility  was  fo 
remarkable,  that  it  was  extended  to  the  length 
of  3^-  timts  its  diameter  under  the  hammer  ;  its 
colour  was  reddifli-blue ;  it  was  found  to  be 
foluble  in  a  deep  green  in  the  nitric  acid,  and 
in  a  blue  colour  in  ammonia.  This  metal 
heated  to  rednefs  for  four  houi-s,  became  co- 
vered with  acruft  of  oxide  of  iron,  which  beins: 
detached  by  the  hammer,  a  greenifli  powder  was 
found  under  it :  one  hundred  parts  of  this  cruft 
being  roafted  for  feven  hours  with  cfiarcoal, 
exhibited  no  longer  any  trace  of  arfenic,  was  in- 

creafe^ 
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creafed  by  five  parts,  and  afforded  by  reduc- 
tioii  a  metal  of  the  weight  of  feventy-two 
parts,  of  a  faint  red  colour,  feini-du6lile,  en- 
tirely attradled  by  the  magnet,  and  the  fpe- 
cific  gravity  of  which  amounted  to  8,870. 
It  is  evident  from  all  thofe  details,  that  Berg- 
.  m^n  had  fucceeded  ip  feparating  the  ayfenic, 
^nd  the  cobalt  from  the  nickel,  but  that  h? 
had  not  infulated  the  iron,  to  which  we  may 
attribute  the  duftiljty  of  the  ipetal,  Tims 
fulphur  has  not  been  of  greater  utility  in  re«» 
fining  nickel,  than  the  other  fcorification^  with 
charcoal,  ^nd  the  ^nultipUed  redu^ions  defcrib^ 
^d  No.  8. 

IQ.  Enpwing  that  the  alkaline  fulphurets  dif^ 
iblved  cobalt  better  than  nickel,  Bergmann  was 
Jed  by  analogy  to  bpUeve  that  thefe  compouads 
jnight  a6t  in  the  fame  manner  upon  the  iron, 
»nd  confequently  ferve  him  to  deprive  the 
nickel  of  it:  but  hisi  hopes  Mere  difappointed. 
The  nicHeJ  of  Cronftedt,  (the  reader  knows  that 
J  ^pply  this  name  to  that  which  is  the  produdl 
of  a  firft  redu^lipp  after  thq  firft  roafting  of 
its  ore),  already  ignited  >\^ith  fulphur,  was  fufed 
with  more  than  thirty  times  its  weight  of  fnU 
phuret  of  pot-aflij  the  piafs,  waihed  in  hot 
water,  afforded  by  an  acid  a  precipitate,  which 
being  roaftpd  till  th^  total  feparation  of  the 
fulphur  was  effecled,  was  io  the  ftate  of  a  cin- 
critious  powder  weighing  mor^  than  half  of 
the  firft  metal.  The  undiflblved  portion,  in 
which  be  hoped  to  find    the  nickel,    being 

equally 
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equally  defulphurated  by  roafting,  became 
no  lefs  ciueritious,  and  gave  by  reduftion  a 
brittle  metal,  little  attrafted  by  the  magnet, 
but  which  became  fufc^ptible  of  being  attracted 
by  it  after  having  been  fufed  with  borax. 
The  fame  experiment  being  made  with  the 
fulphuret  of  lime,  alfo  afforded  a  ferruginous 
nickel  which  adhered  very  flrongly  to  the  ful* 
phur.  When  nickel  was  fufed  with  alcaline 
fulphuret,  in  another  experiment,  and  at  thd 
moment  of  fulion,  nitre  was  added  to  it,  in  a 
quantity  barely  fufficient  to  deftroy  only  a 
fmall  portion  of  the  fulphuret,  this  left  the 
metal  to  be  precipitated  to  the  bottom  of 
the  veflel :  nickel  treated  in  this  manner  is 
found  to  be  deprived  of  cobalt,  but  ftill  charged 
with  iron.  Bergmann  obferves  on  this  occa-« 
fion  that  by  tiie  fame  procefs  the  nickel  is 
precipitated  by  cobalt,  whicTi  has  greater  at- 
traction for  the  fulphuret  than  the  former  has,  and 
that  being  thus  feparated  from  its  folution  in 
the  fufed  fulphuret  by  iron,  copper,  tin,  lead, 
or  even  cobalt,  nickel  is  not  fufceptible  of 
being  attxa&ed  by  the  magnet ;  but  accoiding 
to  him,  it  would  be  a  miftake  to  believe  it 
exempt  from  iron;  as  this  latter  metal,  the 
properties  of  which  are  only  difguifed  by 
foreign  fubftanCes,  and  undoubtedly  by  the 
fulpbur,  becomes  again  magnetic  in  propor- 
tion as  we  deprive  it  of  them  by  fubfequent 
means. 

U.  After 
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1 1.  After  the  failure  of  the  preceding  means, 
Bergmann  had   recourfe  to   nitre,  in   hopes  of 
fcorifying  and    feparating  the  foreign  metals 
combined  with  the  nickel,  which  appeared  to 
him  to  be  oxidated  with  greater  difficulty,   and 
to  be  difoxidated  more  eafily  than  they.     One 
part  of  Cronftedt's  nickel,  being  throM^n  upon 
twelve  parts  of  fufed  nitre,  emitted  fome  flight 
fparks ;   arfenical  vapour  was  foon  exaled  ;  the 
fides  of  the  crucible  werc/covered  with  a  blue 
cruft  of  cobalt,  and  there  remained  at  the  bottom 
a  greenifli  matter.    Twelve  parts  of  nitre  added 
to  this  matter,  and  fufed  with  it  for  the  fpace 
of  an  hour,  ftill  tinged  the  crucible  with  a  blue 
colour,  and  the  mafs  at  the  bottom  became  of 
a   brown  green    colour,    much  lefs  abundant 
than  the  firft  time.     A  third  addition  of  nitre 
in  the  fame  quantity  left  a  grey  fcoria,   which 
gave  no  metal  with  the  black  flux,  but  merely 
fcoria  of    a    hyacinth    colour,    fpotted    with 
blue,  which  gave  a  green  tinge  to  the  nitric 
acid,  were  converted  into  a  jelly,  and  left  by 
evaporation  a  greenifli  oxide.     In  a  third  ana- 
logous experiment,    the  green  powder,  being 
lixiviated  and  treated  with  half  a  part  of  black 
flux,  an  eighth  of  lime,  and  an  eighth  of  borax, 
gave  a  metal  of  a  yellowifli-.\vhite  colour,  at- 
trafted  by  the  magnet,  duftile,  and  weighing 
5,000,    Bergmann  concluded  from  thi^  kind  of 
experiment,  that  nitre  was  very  proper  forin-* 
dicating  and  feparating  the  fmallefl:  portion  of 
cobalt  contained  in  the  nickel,  but  thatitkft 

IB 


NICKEL.  217 

in  it  the  iron  of  which  it  could  not  deprive 
it, 

1£.  As  muriate  of  ammonia  is  known  to  ho 
very   proper   for    feparating    iron,   Bergmann, 
tried   alfo   this  new  means ;    he  difiilled   one 
part  of  oxide  of  nickel,  deprived  of    cobalt 
fufficiently  to  give  no  longer  the  blue  colour 
to  borax,  with  two  parts  offal-ammonia ;  he  ob- 
tained a  cineritious,   white  fublimate,  accom- 
panied with  a  little  ammonia ;  the  bottom  of 
the  retort  had  aflumed  the  deep  hyacinth  co- 
lour; the  refiduum   con/ifted   of  two   layers. 
The  upper  layer  was  yellow,    fcaly,   brilliant 
like  maffive  gold,  yielding  with  borax  a  glafs 
of  a  hyacinth  colour,  without  affording  metal, 
attra6ling  the  mojfture  of  the  atmofphere,  be- 
coming green  and  confiftent  like  butter ;  be- 
ing lixiviated,    it  left  a    powder  having   the 
chara6J;ers  of  an  pxide  of  nickel,  and  the  green 
aqueous  foluti on  was  rendered  blue  by  ammonia, 
without  affording  any  indications  of  iron.     The 
inferior  layer  confifted  of  an  oxide  of  nickel, 
little  charged  with  muriatic  acid,  blackiih,  of  a 
ferruginous  brown  towards  the  bottom  of  the 
vcffel.     This  oxide  converted  borax  into  a  hya- 
cinth-coloured glafs,  and  afforded  by  reduftion 
a  brittle  metal,  of  a  reddifh- white  colour,  fcarcely 
fufceptible  of  being  attraftcd  by  the  magnet, 
The  fame  metal^  treated  fucceffively  by  four 
other  fublijnations,  M'^itb  muriate  of  ammonia,  the 
inferior  layer  being  lixiviated  and  reduced  each 
^0Cy  yielded^  nt  the  epd,  ^ud  in  the  ](ail  reduc- 
tion, 
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tion,  a  white  brittle  metal,  little,  though  ftill 
fufceptible  of  being  attracted  by  the  magnet. 
Bergmann  obferves  that  each  fublimate  was  very- 
white,  and  tliat  it  afforded  not  the  flighteft  in- 
dication of  iron  by  the  tin6lure  of  the  nut-gall. 

1 3.  Bergmann,  not  difcouraged  by  the  failure 
of  all  his  attempts  with  proceffes  in  the  dry  way, 
occupied  himfelf  afterwards  with  the  feparation 
of  the  different  metals  with  which  nickel  is  al* 
loyed,  by  proceffes  in  the  humid  way.  The 
nitric  folutibn  of  the  nickel  of  Cronfledt  occu- 
pied him  for  a  confiderable  time.  By  calcin* 
ing  the'  folid  nitrate  of  nickel  with  charcoal- 
powder,  much  arfenic  was  difengaged,  and 
he  obtained,  by  the  redu6lion  of  the  i-efiduum, 
a  grey  metal,  femi-dudile,  but  flill  fufceptible  of 
being  attra6ted  by  the  magnet;  when  rediffolved 
in  nitric  acid,  arid  reduced  four  fucceflive  times, 
it  afforded  a  metal  always  magnetic.  At  the 
fifth  calcination  of  this  nitrate  of  nickel,  its 
oxide  was  diminiflied  in  fuch  a  manner  that  he 
found  it  impra6licable  to  reduce  it;  which, 
proves  that  nickel  is  volatilized  in  its  oxidation 
by  the  nitric  acid,  without  its  being  thereby 
deprived  of  its  fufceptibility  of  the  magnetic 
attraftioo. 

14.  Finally,  the  celebrated  Swcdifli  profeflbr 
tried,  as  a  laft  means,  fhe  folution  of  the  oxide 
of  nickel  in  ammonia,  in  order  to  feparate  from 
it  the  oxide  of  iron.  After  having  diflbived 
fome  of  Crondedt's  nickel  in  nitric  acid,  and 
piecipitalJed  its  oxide  with  pot-aih,  be- treated  k 
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with  ammonia,  which  diffolved  at  Icaft  a  ninth 
of  its  weight;  this  rq^duuni,  which  was  of  a 
black  colour^  inclining  to  green,  yielded  by  rc^ 
du£iion,  a  fcaly  metal,  brittle,  of  a  clear  white 
colour,  little  fenfible  to  the  magnet,  the  fpecific 
gravity  of  which  amounted  to  9,333;  it  was 
cafily  fufible,  by  which  operation  it  was  again 
rendered  fufceptible  of  being  attracted  by  the 
magnet,  and  being  diffolved  in  nitric  acid,  it 
yielded  a  blackifh  powder,  infoluble ;  evaporable 
with  a  fmell  of  fulphur  upon  the  coals.  The 
blue  ammoniacal  folution,  when  evaporated  to 
drynefs,  yielded  nearly  one  half  lefs  of  refiduum 
than  it  had  taken  of  matter  from  the  oxide  of 
nickel.  This  powder  afforded,  by  reduftion,  a 
very  fmall  quantity  of  metal,  of  a  whitilh  co- 
lour, femi-du6lile,  ftrongly  attracted  by  the 
magnet,  and  having  a  fpecific  gravity  of  7000; 
the  fcoria  of  which  contained  much  oxide  of 
nickel,  colouring  borax  with  a  hyacinth  tinge, 
and  affording  by  its  reduction  a  metal,  which 
being  fufed*  with. the  preceding,  became  fo  re* 
ftaftory  that  it  was  impoffible  to  treat  it. 
Though  the  experiments  with  ammonia  did  not 
fatigfy  the  author,  they  however  afforded  very 
fingular  refults;  fuch  as  the  conftant  folution 
of  the  oxide  of  iron  with  that  of  nickel,  the 
blue  colour  of  this  folution  which,  though  analo* 
gotts  to  that  of  the  oxide  of  copper,  has  a  very 
different  call,  and  efpecially  the  lofs  of  a 
great  quantity  of  oxide  of  nickel,  which  Berg- 
mnu  docs  no%  feemto  have  fufficiently  regarded,^ 
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In  a  word,  the  narrative  of  thefe  laft  experi* 
ii>ents,  which  {how  this. author  to  have  been 
fatigued  and  embarraffed,  notwithftanding  the 
zeal  and  ardour- which  animated  him  might  lead 
us  to  think,  as  well  as  that  of  feveral  of  the 
preceding,  either  timt  nickel  cannot  by  any 
means  be  purified  of  iron,  or  that  this  Angular 
metal  is  itfelf  fufceptible  of  being  attracted  by 
the  magnet,  and  that  in  this  property  it  re- 
iembles  iron,  whilft  in  many  others  it  feems  to 
approach  to  the  nature  of  copper. 

15.  After  having  defcribed  in  a  detailed  man^ 
ner>  thefe  different  and  numerous  experiments,  as 
they  conftitute  almoft  exclufively  the  exact  che- 
mical hiftory  of  nickel,  I  ought  alfo  to  prefent  the 
reader  with  the  inferences  which  the  illuftrioas 
Bergmann  deduces  from  them,  in  paragraphs  XI 
and  XII  of  his  Differtation.     The  firft 'is,  thdt 
the  fulphur  adheres  to  nickel  the  leaft,  and  the 
arfenic  the  moft   ftrongly,     but   that  we  may 
feparate  it  completely  by  roafting  with  char*' 
coal;  that    the    cobalt  remains    longer    con- 
cealed  in  it,    and    that   we    frequently    find 
traces  of  it  when  it  was  not  fufpefted  to  be  pre- 
fent, by  means  of  nitre  which  feparates  it  in  a 
blue  oxide;  that  the  blue  call  given  to  borax 
js  owing  to  the  manganefe;  and  laftly,  that  iron 
is  of  all  the  metals  the  moft  intimately  combined 
with  nickel,    fince  it  cannot  be  entirely  ex- 
trafted  frim  it  by  any  known  means, 

16.  As  by  all  the  proceffes  of  purification, 
pickel  Ihows  to  the  Uft  the  prcfence^of  other  nre- 
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tallic  fubftances,  feveral  chemifts  have  thought 
this  metal  to  be  nothing  more  than  a  natural 
alloy  of  arfenic,  cobalt,  copper  and  iron.  Berg- 
mann  difcuffes,  according  to  his  experiments, 
the  quefiion  relative  to  this  fubjeft.     He  /hows 
that  we  may  completely  deprive  nickel  of  ar- 
fenic;   that  it  hardly   ever   contains  copper; 
that  it  differs  from  cobalt  in  a  great  number  of 
its  properties ;  that  the  more  we  feparate  the 
latter,  the  more  it  affumes  the  properties  by 
which  it  is  diftinguifhed.     As  to  the  prefence 
of  iron,  he  agrees  that  it  is  more  natural  to^ 
find  great  analogies  between  nickel  and  this 
metal ;  he  fliows  in  how  many  properties  thefe 
two  metals  approach  each  other,  as  well  as  co- 
balt and  manganefe  ;  but  he,  neverthclcfs,  con- 
cludes, that  nickel  prefents  too  many  peculiar 
properties   to,  be  confounded   with   iron,    and 
that  as  long  as  the  latter  has  not  been  brought 
into  the  ftate  of  the  former,  nor  their  real  iden- 
tity proved,  it  would  be  overturning  all  the 
foundations  of  philofophy  to  build  upon  vague 
appearances,  and  fallacious  analogies. 

17.  He  proves,  moreover,  the  truth  of  this 
affertion  by  relating  a  confulerable  number  of 
experiments  on  the  alloys  of  iron  and  copper, 
of  iron  copper  and  arfenic,  of  iron  copper 
and  cobalt,  and  of  thefc  four  metals  together 
in  very  various  proportions ;  experiments  in 
which  he  has  never  been  able  to  obtain  a  metal 
fimilar  to  nickel.  Though  fome  of  the  properties 
of  thefe  alloys  at  firft  prefented  certain  analo- 
gies 


222  NICKKL. 

gies  with  tiickel,  he  foon  found,  by  a  morel 
thorough  examination,  that  this  was  only  a 
very  fallacious  appearance ;  and  that  there  was 
no  real  relation  between  the  alloy  and  the  metal 
which  he  had  attempted  to  imitate- 
No  metallurgical  works  are  eftablifhcd  upon 
the  ores  of  nickel,  and  metallurgifts  do  not  yet 
place  any  value  upon  this  fpecies  of  mineral. 

E.  OxidabiUt}f  by  the  Air. 

18.  Nickel  is  very  difficult  to  be  oxided 
by  the  aftion  of  caloric  and  of  the  air^  When 
it  is  heated  under  4  mufle,  and  conftantly 
agitated,  it  only  affumes  a  dark  colour.  How- 
ever, by  long  expofure  to  moift  and  cold  air, 
ft  becomes  covered  with  an  efflorefcenee  of  a 
clear  green  colour,  of  a  very  particular  and 
diftinft  tinge.  It  is  this  efflorefcenee  which  is 
found  upon  the  furface  of  the  fulphureous  ores 
of  nickel,  the  tinge  of  which  being  very  re- 
markable, and  very  different  from  that  of  cop- 
per, enables  us  to  diftinguifh  them  with  eafe 
and  certainty.  This  green  oxrde  gives  borax  a 
hyacinth  colour,  and  imparts  the  fame  tinge  to 
the  ammoniacal  phofphate  of  foda,  which  be- 
comes violet  by  the  adion  of  nitre:  a  large 
quantity  of  this  oxide  gives  this  fait  a  blood- 
red  colour  during  fufion,  which  becomes  paler 
by  cooling. 
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P.   Union  with  Combaflibh  Subfiances. 

ip.  Sulphur  combines  very  eafily  with 
nickel,  ami  forms  an  artificial  ore  which  is  not 
altogether  fimilar  to  its  natural  ore  or  Kupfer- 
nickel.  The  artificial  fulphuret  of  nickel  is 
hard,  yellow,  with  fmall  brilliant  facets. 
When  ftrongly  heated  in  the  air,  it  emits  very 
luminous  and  inflamed  fparks. 

20.  Nickel   is  fufceptible   of  uniting  with 

phofphorous.     Pelletier  has  acquainted  us  with 

the  phofphoret  of  nickel ;  he  prepared  it  either 

by  the  reduftion  of  the  vitreous  phofphoric 

acid  with  the  addition  of  charcoal,  after  having 

mixed  thefe  two  fubftance^  with  the  nickel,  or 

hy  throwing  phofphorus  upon  nickel  heated  to 

rednefs  in  a  crucible.     This  increafed  in  weight 

by  one  fifth,  and  a  fmall  portion  of  phofphorus 

was  feparated  from  it  as  it  copied.     The  phof- 

phuretof  nickel  is  of  a  more  brilliant  and  purer 

white  than  nickel ;  its  texture  is  needle-formed ; 

when  heated  before  the  blow-pipe  the  phofphorus 

bums  at  its  furface  in  proportion  as  the  riietal 

is  oxicied.       Pelletier  has   obtained  the    fame 

refuilt  from  fpeifs. 

21.  Nickel  enters   into   alloys  with,   nm^l^, 

metals  :  it  has  been  feen  that  it  always  Gont^ins 

srfenic,  often  cobalt,  and  conftantly  iron.     It 

ias  been  feen,  that  in  the  latter  liUoy,  the  iron,, 

though  fufed,  is  dufclilc,  which  has  juftly  been 

reniarked   as    an    extraordinary    circumftance 

by   Bergmann.     Arfeniated  nickel  gives  a  blue 

falqur  to  glafs,  according  to  Citizen  Monnet. 

Bergmann 
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IBergmann  attiibutes  this  property  to  the  cobalt, 
which  the  arfenic  feparates  from  the  nickel. 

G.  Jffion  upon  Water  and  the  Oxides. 

22.  It  would  be  natural  enough  to  imagine 
that  nickel,  which  has  fo  much  analogy  with 
iron,  ihould  exert  an  aftion  upon  water;  but 
there  is  no  experiment  which  proves  this  to  be  the 
faft,  or  which  even  authorizes  us  to  fuppofe  it: 

23.  We  may  affert  that  ^lickel  exerts  no  adion 
upon  the  metallic  oxides,  as  moft  of  the  metals 
have,  on  the  contrary,  the  property  of  precipi- 
tating nickel  from  its  folutions,  as  will  foon 
be  ihown. 

,  H.  Ail  ion  upon  the  Acids. 

24.  All  the  acids  slQ,  upon  nickel  or  its  ox- 
ides. All  the  combinations  of  this  metal  are 
Conftantly  green,  and  of  a  clear  and  very  bril- 
liant colour,  which  is  very  remarkable  and  very 
different  from  the  green  afforded  by  certain 
metals.  This  is  one  of  the  richefl  and  moft 
beautiful  colours  that  can  be  exhibited.  The 
fixed  alkalis  precipitate  all  thefe  folutions  in 
a  greenifh  white,  and   communicate  a  yelloir 

Notour  to  the  oxide  vv^hich  they  rc-diffolve. 

25.  The  fulphuric  acid,  concentrated,  and 
diftilled  upon  this  metal,  is  decompofed;  fnl- 
phureous  gas  is  difengaged,  and  a  grey  mafs 
remains,  which  diffolves  in  water,  and  imme- 
diately communicates  to  it  its  beautiful  green 
colour.     By  evaporating  this  folution  we  obtain 

a  foliated 
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foliated  cryftab,  of  tlie  colour  of  a  pale  emc- 
tald.     I  have  feen  cryftals  of  fulpliate  of  nickel 
prepared  by  the  ingenious  proceffes  of  Citizen 
Leblanc,  in  beautiful  fquare  prifmi,  very  thick 
and  long,  of  a  rich  deep- green  colour,  termina- 
ted by  fumuiits  obliquely  truncated.     The  ful-» 
phuric  acid  alfo  diffolves  the  oxide  of  nickel 
with  facility^     Bergmann  fays  that  this  fait 
forms  itfelf  in  decahedrons,  or  yields  compref* 
fed  aluminiform  cryftals,  with  truncatures  at 
thettfv^o  oppoiite  fummits* 

26.  The  nitric  acid  oxides  and  diffolves 
aickel  with  the  aid  of  heat ;  it  efFefts,  without 
effervefcence,  the  folution  of  the  oxide  of  thiii 
metal;  it  is  of  a  green  colour,  and  gives  deli- 
quefcent  rhomboidal  cryftals,  which  are  dc* 
compofed  by  the  aftion  of  fire,  and  leav^, 
by  ftrong  calcination,  a  blackifli  oxide,  after 
having  yielded  oxigen  gas.  Expofed  to  dry 
and  hot  air,  the  nitrate  of  nickel  lofes  its  water 
of  cryftallizatioiT,  and  even  its  acid,  fo  as  to 
leave  a  greenilh  oxide-,  in  which  we  frequently 
find  afmall  quantity  of  iron  and  of  arfenic. 

27.  The  muriatic  acid  diflblves  nickel  and  its 
oxide  more  flowly  than  the  nitric  acid  :  thiiSI 
folution,  which  is  green  and  brilliant,  affords 
irregular  and  undetermined  cryftals.  The  mu« 
riate  of  nickel  is  decompofable  by  the  adion  of 
fire,  and  even  of  the  air  in  the  courfe  of  time* 
The  a£iion  of  the  oxigenated  muriatic  acid 
Vipon  this  metal  has  not  yet  been  tried. 

Vol.  V--  Q  ss!  Th(? 
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28.  The  other  acids  exert  only  a  feeble  and 
floAT  adion  upon  nickel.  The  fluoric  acid 
charges  itfelf  with  difficulty  with  its  oxide, 
ami  gives  cryftals  of  a  clear  green  colour.  The 
phofphoric  acid  has  ojaly  a  feeble  attraftion  for 
this  oxide ;  this  folution  has  fcarcely  the  flight-* 
eft  green ifli  tinge,  and  affords  no  cryftals.  The 
boi^acic  acid  do^  not  unite  with  it  unlefs  by'' 
double  eleftive  attraftion.  The  liquid  car- 
bonic acid,  left  for  a  long  time  in  conta6l  with 
nickel,  afforded  Bergmanh  no  certain  fign  of 
its  folution.  The  arfenic  acid  forma  with 
nickel  a  green  faline  mafs,  which  h  obtained 
by  double  attraftionsj  it  feparates  from  tb^ 
nickel  a  faline  and  little  foluble  powden  The 
a6Uon  of  the  tungftic,  molybdic,.  and  chromic 
acids,  upon  nickel  is  not  known. 

1.  AElion  }q)on  the  Ba/es  aiid  the  Salts^ 

29.  The  arid  earths,  filex,  alumine,  exert 
no  adion  upon  nickel;  treated  by  alkaline 
fluxes,  with  its  oxide,  they  become  tinged  with  a 
hyacinth,  or  an  orange-red  colour ;  if  it  con- 
iain  much  arfenic,  or  cobalt,  the  glaffes  which 
it  tinges  turn  to  the  blue  or  violet  colour. 

30.  The  fixetl  alkalis  diffolve  its  oxide  in 
little  abundance,  and  affiime  with  it  a  yellow 
colour ;  but  this  oxide  is  very  foluble  in  am- 
monia, which  does  not  aft  upon  the  metaK 
The  ammonracal  folution  is  of  a  deep  blue 
colour,  which  Has  not  the  livelii;iels  and  luftre 

of 
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of  that  of  copper,  concerning  which  we  fliall 
fpeak  hereafter ;  it  has  its  chara6leriftic  tinge, 
which  an  experienced  chemift  ought  eafily  to 
recognife.  When  evaporated,  it  precipitate* 
a  blackifli-brown  powder,  and  paffes  from  the 
blue  to  the  green  Colour.  Moft  of  the  metaU 
feparate  Ae  nickel  from  it.  This  great  folu- 
bility  of  the  oxide  of  nickel  in  ammonia  fervM 
fometimes  to  feparate  it  from  that  of  cobalt. 

31.  Nickel  ads,  amongil  thefalts,  only  upon 
the  genera  of  the  nitrates,  the  fuper-oxigenated 
muriates,  the  phofphates  and  the  borates.  Tlid 
two  firft  burn  it  and  reduce  it  to  the  ftate  of 
oxide ;  it  fiifes  with  the  two  others,  combines 
with  them,  and  gives  them  a  hyacinth  colour.  It 
may  be  remembered  that  the  nitrate  of  pot-afli, 
which  detonates  feebly  with  nickel,  enables  us  to 
find  in  it,  by  blue  fcoria,  cobalt,  of  which  no 
other  means  can  fliow  any  trace.  The  fupcr* 
oxigenated  muriate  of  mercury  burns  this  metal 
ina  ftill  more  lively  and  complete  manner,  and 
may  ferve  to  purify  it,  as  alfo  to  make  the  ana* 
lyfis  of  its  ores,  when  the  ufe  of  this  important 
faltfhali  be  better  knowii,  and  more  generally 
difFufed  than  has  hitherto  been  the  cafe.  Tliefe 
two  faiine  fubftances  caufe  the  hyacinth  colour 
of  the  Oxide  of  nickel  to  re*appear,  or  aug- 
ment it  with  much  intenfity  in  glaffes,  which^ 
on  account  of  the  fmall  quantity  which  they 
Contain  of  it,  and  even  on  account  of  their  vi* 
trificatiott  itfelf,  prefenC  no  trace  of  it,  or  ex- 
liibit  only  a  velry  flight  tinge. 
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32.  Nickel  has  hitherto  been  applied  f 
Kttle  or  noiifc :  it  cannot,  however,  be  doubted^ 
that  it  may  be  employed  with  great  ad  vantage  ^ 
in  the  manufafture  of  enamels,  glafs,  porcekim^^ 
and  pottery.     It  is  even  probable,  that  it  ma^? 
be  an  ingredient  in  the  fecret  proceffes  of  fome 
manufaftures,  as  large  provifions  of  it  are  fre- 
quently found  with  tlie  druggifts  of  Paris,  who 
procure  it  from  Saxony  only  in'  proportion  to 
the  demand  which  is  made  for  it.  * 

S3^  When  new  inveftigations  ihall  have  been 
made  relative  to  this  Angular  metal,  which  de- 
fer ves  all  the  attention  of  chemifts  ;  when  the   • 
means  of  purifying  it  fliallhave  been  difcovered, 
which  I  believe  to  be  more  eafy  than  Bergmann 
thinks,  it  will  become  very  advantageous,  aiid 
undoubtedly  much  employed.    Hitherto,  it  has 
been  only  a  fpecies  of  alloy  for  chemifts.     If 
after  its  purification,  it  exhibits  the  confiderabic 
duAility  of  which  Bergmann  has  fpoken,  it  will 
be  neceffary  to  remove  it  from  the  rank  which 
I  have  afligned  it  in  the  Sj^ftem  of  Chemif- 
try,   and  place  it  immediately  befide  zinc.    I 
have  not  yet  placed  it  in  this  rank,  but  have 
left  it  after  cobalt,  becaufe,  with  fome  analo- 
gies with  this  metal,  it  appeared  to  me,  that 
it  muft  owe  its  dutlility  to  its  being  alloyed 
with  iron. 
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Article  X; 
Of  Manganefe. 

A«  Hiftory, 

1.  THE  native  oxide  of  this  metal  has  long 
been  employed  in  the  glafs  manufaftories,  under 
the  name  of  glafs-maker' s  foap^  on  account  of 
its  property  of  whitening  glafs ;  it  was  known 
by  the  name  of  black  magnejia  or  manganefe. 
Its  multiplied  ufes  had  given  no  light  refpeding 
its  intimate  nature,  and  before  the  exaft  invefti- 
gattpns  of  which  I  am  about  to  fpeak,  no  lefs 
erroneous,  than  different  opinions  concerning  it, 
had  obtained  amongft  mineralogifts.    Moft  na- 
tural ifts  coniidered  this  fubftance  as  a  poor  and 
refraftory  iron  ore,  undoubtedly,  on  account  of 
its   colour,    and   the  ferruginous    oxide  with 
whicli  its  furface  is  often  covered,  or  with  which 
its  fragments  are  frequently  accompanied  in  the 
mines.      However,    Pott  aiid   Cronftedt,    the 
firft'  mineralogifts  who  have  drawn  great  lights 
from  chemical  analyfes  for  the  knowledge  and 
claflification  of  foffils,  did  not  recognife  in  their 
experiments  the  ferruginous  nature  of  the  fub- 
ftance which  was   called   manganefe.      Other 
mineralogifts  had   placed   this    metallic    foffil 
athongft  the  ores  of  zinc,  without  having  given 
any  proof  of  this  hazarded  affertion.    Weftfeld 

pub- 
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publifhed,  in  1767,  a  treatife  upon  this  mineral, 
in  whicl^  he  endeavoured  to  afcertain  its  confti- 
luent  parts,  but  by  experiments  fo  inaccurate, 
that  his  work  is  a  feries  of  errors,  to  which,  in- 
deed, the  period  in  which  he  wrote  greatly  con- 
tributed. 

Bergihann  and  Scheele  are  the  firft  chemifts 
who,  having  chofen  manganefe  for  the  objeft  of 
their  inveftigations,  have  placed  its  nature  as  a 
pzi-rticiilar  metal  in  the  cleareft  light.  The  for- 
mer h^  given  its  hiftory  in  his  excellent  Difler- 
tatioii  on  th^  white  ores  of  iron,  in  1774,  and 
h^  already,  for  fom^  years,  confidered  it  as 
a  m^tal  different  from  all  others,  on  account 
of  it3  weight,  its  property  of  colouring  glafs, 
that*  of  being  precipitated  in  a  white  form 
by  the  alkaline  prufliates,  and  on  account 
of  the  impoflibility  of  either  feparating  from  it 
feveral  different  metals,  or  of  imitating  or  pro- 
ducing  it  by  alloys.  Sch^ele,  induced  by 
3ergmann,  who  fhowed  all  th^rimportance  of 
fuchan  inquiry,  to  examine  with  accuracy  the 
liatjve  oxide  of  manganefe,  laid  before  the 
Academy  of  Stockholm,  in  1774,  after  re- 
fgarches  continued  during  three  years,  a  memoir 
which  deferves  to  be  confidered  as  a  mafter- 
piecq  of  this  able  chemift,  though  he  has 
deceived  himfelf  with  refpe6l  to  the  theory  of 
thc5  pl^enomena  which  this  fubftance  prefented 
to  hini,  l|is  work  containi^  a  numei:ous  feries 
of  diffoverjes,  which  led  him  to  confider  this 
foifil^  the  oxide  of  a  particular  iji^tal^.  very 

different 
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diflferent  from  aU  ethers.  It  was  In  tlie  courfe 
t)fbi$  labours  upon  this  native  metallic  oxide 
that  he  dtfcovered  its  properties,  and  the  parti- 
cular nature  of  barites. 

3.  Gabn,  a  pupil  of  Bergmann,  was  the  firft 
vho,  accordrng  to  the  teftimony  of  his  mafter, 
obtained  the  particular  metal  contained  in  the 
fiattve  oxide  of  manganefe^  and  fince  him,  al- 
moft  all  cfaemifls  have  fucceeded  in  extracting  it. 
Mr.  Champy  was  one  of  the  firft  who  extrafted 
itineonfiderable  abundance  in  France,  from  the 
oxide-  of  manganefe  of  la  Rom^neche^  and  ob- 
tained it  in  the  form  of  a  well-formed  button. 
Mi.  ifieman  has  published,  in  CrelPs  Journal, 
aferies  of  experiments  upon  this  metal  M.  M. 
Engeftroem  and  Rinman  have  given,  in  the 
[  Memoirs  of  the  Academy  of  Stockholm,  de- 
\  tails  concerning  feveral  ores  of  manganefe,  and 
have  confirmed  all  the  refults  of  Scheele.  Citi- 
2ea  Lapeyroufe  has  given  accounts  of  a  great 
number  of  varieties  of  ores  of  manganefe,  and 
bas  efpeeially  difcovered  this  metal  in  its  native 
fiate  in  France. 

4  The  French  chemifts,  fince  the  eftabliili- 
iteent  of  the  pneumatic  do^hine,  have  given  a 
new  value  to  the  experiments  of  Scheele  and 
Bisrg^ann,  eithei  by  rend^ering  them  fubfervient 
to  the  confolidation.  of  this  dodrine,  by  the 
fufofllam^ntal  principles  of*  which  they  are  ex- 
plained, at  the.  fame  time,  in  fo  natural  and  fa 
^BOf^  arm&naer,  or  by  pointing  out  a  relation 
betw^f^A  then%  of  which  their  authoi^s  had  not 
3  been 
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been  aware.  They  have  iliown,  that  no-fub* 
ilance  prefents  more  favourable  phenomena 
than  this  new  metal  to  the  data  of  the  theory 
of  the  elaftic  fluids,  and  they  have  found  in 
inanganefe,  and  efpecially  in  its  oxide,  a  fource 
of  proceffes  and  experiments  which  would  alone 
be  fufficient  for  eftablifhtng  all  the  fundamental 
points  of  thi^  doftrine.  The  analogy  of  thefe. 
phenomena  with  thofe  prefented  by  other  metals, 
and  the  combuftible  bodies  in  general,  efpecially 
produce  the  ftrongeft  conviction  in  the  minds 
of  thofe  whg  pbferve  them.  On  this  account, 
I  Ihall  expofe  them  with  every  requifite  eluci- 
(latjon,  offering  them,  particularly  as  a  ftriking 
pi6lure  of  the  coUedive  bafes  of  the  French 
pneumatic  theory, 

Tk.  Phnjifica,l  Properties. 

5.  Manganese  cxtrafted  by  the  procefi 
that  fliall  be  indicated,  is  diftinguifhed  from  all 
Other  metals  by  the  following  properties.  It  is 
of  a  brilliant  whitenefs  approaching  to  grey, 
which  is  quickly  altered  in  the  air  ;  its  texture 
is  granulated,  without  being  fo  fine  and  clofe 
as  that  of  cobalt  j  its  frafture  is  rough  and  un-t 
equal ;  its  fpecific  .weight  is  6,850.  Jt  holds, 
together  with  iron,  the  firft  rank  in  the  order 
pf  hardneft.  It  is  one  of  the  moft  brittle  metals : 
at  the  fame  time  it  is  one  of  the  moft  difficult 
to  be  fufed.  Citizen  Guytoij  places  it  imme- 
diately after  platina,  and  determines  it  jit  the 

160th 
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l()Oth  df  gree  of  Wedgwood's  pyrometer.  We 
know  neither  its  ditettbiUty  by  caloric,  nor  its 
conducing  property.  It  is  frequently  fufcep- 
tible  of  Joeing  attradied  by  the  load-ftone,  efpe- 
cially  when  it  is  in  the  ftate  of  pow^ler,  on 
account  of  the  iron  which  it  contains,  and 
which  is  almoft  as  difficult  to  be  feparated 
from  it  as  from  nickel ;  it  has  no  perceptible 
fmell  nor  tafte ;  in  communication  with  other 
metals,  it  exerts  the  galvanic  adion  upon  the 
nervous  and  mufcular  fyftems  of  animal^ :  it» 
colour  is  extremely  variable. 


C.  Natural  Hiftory. 

6.  Onlt  one  ore  of  manganefe  is  as  yet  well 
known,  namely,  its  native  oxide,  which  fome 
modern  mineralogifts,  amongft  others  Mr.  Kir- 
wan,  announced  as  being  combined  with  car- 
bonic acid.  Tliis  oxide  is  frequently  mixed  with 
iron,  barites,  filex,  lime,  &c.  :  it  varies  alfo 
by  its  ftate  of  oxidation,  or  by  the  proportion 
of  oxigen  which  it  contains.  The  following 
are  the  refults  which  Scheele  has  obtained  re^ 
ipeftingits  varieties  of  colour.  The  blue  oxide 
is  the  leaft  oxigenated  of  all :  the  green  proceeds 
from  the  mixture  of  the  preceding  with  the  yeN 
low  oxide  of  iron ;  in  the  yellow,  the  •  latter  is 
very  predominant;  the  red  is  more  oxided 
than  the  preceding  ones ;  the  black,  on  the 
contrary,  is  oxigenated  in  the  bigheft  poflible 
degree. 


7.  Mr*  Kirwaift  diftinguifheg  three  principal 
varieties  of  native  oxide  of  mangaiiefe,  the 
whitey  the  red,  amd  the  black. 

A.  The  white,  which  contains  the  leafli  iron 
and  the  leaft  oxigen :  M.  Rinman  has-  found 
it  in  fmall  cryftals,  or  in  rounded  m^lTes  of  a 
fparry  textmre  in  the  cavitie*  of  quarte;  he 
has  found  fome  of  a  yellow  colour,  covered 
with  a  blackifli  and  fuliginous  incfufta*ion. 
Citizen  Lapeyroufe  has  found  it  in  a  fpongy 
efflorefcence  upon  ores  of  ironj  and  efpccially 
upon  the  haematite.  There  are  carbonates  of 
iron,  of  a  white  colour,  which  contain  more 
of  this  oxide  than  that  of  iron.  Every  white* 
oxide  of  manganefe  becomes  tarniflied  in  the 
air,  and  powerfully  abforbs  oxigen  from  it 

B.  The  red,  according  to  Mr.  Kirwan,  con* 
tains  lefs  carbonic  acid,  and  more  iron  than  the 
white ;  it  is,  either  friable,  or  hard  in  carbonate 
of  lime,  fchiftus,  upon  the  haematites,  or  in 
lamellated  mafles,  radiated  or  cryftallized  in 
pyramids,  in  rhomboids,  in  fliort  and  brittle 
neediest 

C.  The  black  and  bro\ra  frequently  eryftal* 
Wzed  like  the  red,  or  in  folid  mafles  of  a  metallic 
or  a  tarniflied  and  earthy  appearance,  mixed 
with  quartz,  &c. ;  it  weighs  4,000.  To  this 
variety,  Mr.  Kirwan  refers,  U  Tke  Perigerd 
Jione,  generally  of  an  obfcure  grey  colour, 
very  heavy,  eafy  to  be  fcraped  mth  the  knife, 
though  hard  and  difficult  to  be  broken  in  pieces, 
brcomino^  harder,  and  of  a  reddifli-brown  coloor 


by  calcination,  without  becoming  attra6ied 
by  the  magnet,  giving  borax  the  colour  of 
the  amethyil ;  2.  Black-wad,  of  a  deep  brown 
colour,  in  the  fonn  of  powder,  or  fmall,  hard, 
and  brittle  jnaffes,  in  which  Wedgwood  ha5 
found  0,43  of  manganefe,  43  of  iron,  0,14  of 
lead,  and  0,05  of  mica,  and  which,  after  having 
been  dried,  and  kneaded  cold  with  lintfecd- 
oil,  becomes  fpontaneoufly  heated  and  inflamed, 

8,  Citizen  Haliy,  who  gives  only  one  fpecies 
of  ore  of  manganefe,  its  native  oxide,  divides 
its  varieties  into  two  feftions ;  the  one  poffcffing 
the  metallic  ftate,  at  leaft,  in  the  fra6lure,  and 
fafily  transmitting  the  ele6lric  fpaik ;  the  otheri^ 
defiitute  of  the  metallic  ftate,  and  tranfmitting 
the  ekfilric  fpark  only  in  a  feeble  manner. 

The  firft  have  fome  refemblance  with  the  na^ 
tive  fulphuret  of  antimony :  the  diftingujfhing 
charafier,  which  is.  eafily  recognifed,  is  that 
the  oxide  of  manganefe,  rubbed  u])on  a  dark» 
coloured  ftone  like  the  flate,  and  wiped  lightly 
with  the  finger^  leaves  a  tarniflied  and  dull» 
coloured  trace,  whilft  the  fulphuret  of  antimony 
marks  it  with  a  very  fenfible  metallic  brilliancy, 

Tlie  feqond  varieties  are  of  different  colours, 
efpecially  black,  brown,  yellowi/Ii,  red,  of  dif- 
ferent prifmatic  forms  by  diminution,  folid  and 
compaiS,  t^vberculated,  in  efflorefcence.  They 
yidd  oxigen  gas,  like  the  firft,  and  frequently 
more  than  thofe^  when  heated  in  clofe-veffels, 

$.  When  we  compare  the  diffeyent  forins  and 
^pp^wwcps  prefeated  by  the  numero^s  varie* 

ties 


ties  of  native  oxide  of  rnanganefe,  wc  find  that 
the  moft  regular,  and  at  the  faftie  time  the  moft 
brilliant  and  metalliform,  is  in  tetrahtdral  rhom- 
hoidal  prifms,  ftriated  and  feparate,  or  in 
needles  united  Into  bundles,  or  in  rays  and 
liars*  Aniongft  thofe  which  have  not  the  me- 
tallic appearance,  we  particularly  diftinguifh  a 
brown,  blackifli,  and  friable  efflorefcence,  which 
ftains  the  fingers  like  foot ;  a  variety  of  a  dull 
velvet  black ;  the  compa6l  and  irregular  grey, 
variety,  reddifli-bfown,  compa6l,  very  heavy, 
cavernous,  exhibiting  rudiments  of  fliining 
cryftals  in  its  cavities  :  the  latter  is  frequently 
called  ftone,  and  it  is  the  moft  common  and  moft 
in  ufe  in  the  inanufafilories  of  glafs. 

10/  Citizen  Lapeyroufe  discovered  and  def^ 
cribed,  in  the  year  1786,  native  manganefe  in 
metallic  globules  at  Sem,  in  the  iron- ores  of 
the  valley  of  Vicdefos,  in  the  [ci-devant]  COmte 
de  Foix.  He  is  the  only  naturalift  who  has 
found  this  metal  in  the  native  ftate.  It  was 
in  the  form  of  fmall  buttons,  a  little  flattened, 
malleable,  of  a  lamellated  texture :  it  is  very 
probable,  that  this  was  only  an  alloy  with  iron ; 
for  manganefe  is  too  combuftible  to  be  capable 
of  remaining  without  alteration  in  the  metallic 
form. 

11.  It  IS  neceflary  to  add,  tliat  the  oxide  of 
manganefe  is  found  very  frequently  with  other 
mineralized  fubftances,  efpecially  in  the  ores  of 
iron,  that  Scheele  has  found  it  in  a  great  num- 
ber of  charcoals  and  vegetable  afties,  and  that 

^  ha 
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he  attributes  to  it  the  grejen  and  red  colours, 
which  the  fixed  alkali  that  proceeds  from  thefe 
aflies  fo  often  affumes.     We  Ihall  have  occafioa 

■ 

to  fpeak  again  of  this  phenomenon  in  another 
place.  Hielm  has  found  the  muriate  of  man* 
ganefe  diffolved  in  waters  near  the  lake  Wettern; 
and  Citizen  Guyton  affures  us,  that  carbonate 
of  manganefe  exifts  in  the  water  of  the  coaftof 
Cb^tillon  in  Bugey. 

D.  JJfayz  and  Metallurgy, 

12.  The  native  oxide  of  manganefe  is  not 
well  reduced,  except  when  we  avoid  heating 
it  with  fluxes,  and  this  is  undoubtedly  the  rea* 
fon^  why  the  chemifts  have  remained  fo  long 
ignorant  of  the  exiftence  of  the  particular  metal 
which  is  contained  in  it.  Gahn  firft  fuccceded 
in  obtaining  it,  only  becaufe  he  employed  no  flux ; 
in  however  fmall  a  quantity  we  may  add  thefe, 
the  oxide  becomes  vitrified  :  this  fa£l  has  fince 
been  well  confirmed  by  Bergmann  by  Citizens 
Guyton  and  Champy,  and  by  my  own  experi- 
ments. According  to  thefe  prh^ciples,  the 
following  is  the  procefs  of  Bergmann,  which 
fucceeds  well. 

13.  We  form  a  pafte  of  native  oxide  of  man- 
ganefe finely  pulverized,  and  water ;  of  this  we 
form  a  ball,  which  we  place  in  a  lined  cruci- 
ble, upon  the  bottom  of  which  is  beaten  a  thick 
layer  of  powdered  charcoal ;  we  furrouud  and 
cover  the  ball  with  charcoal;  and  clofewith  an- 
other 


^ihet  crucible  inverted  atid  luted ;  and  theii  heat 
With  the  moft  violent  fire  that  can  he  nrade  in 
a  laboratory  for  upwards  of  an  hour.  It  is  ne- 
Celfafy  that  the  temperature  of  the  furnace 
Ihottld  amount  at  leaft  to  160  degrees  of  Wedg-^ 
wood's  pyrometer.  Afterthe  crucihle  has  cooled, 
we  find  below,  or  even  in  the  middle  of  a  fcoria, 
w^re  or  lefs  vitrified,  one  or  more  metallic  glo- 
bules, which  amount  to  near  a  third  part  of  the 
quantity  of  the  oxide  of  manganefe  that  has 
been  employed ;  Bergmaun  makes  them  amount 
to  0,30.  If  the  fire  be  not  fufficiently  ftrong, 
the  grainiS  of  metal  being  too  fmall  and  diffe- 
miiiated  in  the  fcoria,  cannot  unite.  It  is  alfo 
obferved,  that  when  the  crucible  is  overheated, 
and  the  metal  touches  its  fides,  the  whole  mafe 
is  vitrified,  and  no  metal  is  obtained.  I  have 
feveral  times  attempted  this  difficult  reduction : 
1  have  never  had  a  fufficiently  fl:rong  fire  in  my 
laboratories  to  coUeftthe  manganefe  in  a  fingle 
button;  but  I  have  obtained  it  in  grains  or 
fmall  globules,  each  of  which  were  furrounded 
with  a  vitreous  crufl;  of  a  deep  green  colour. 

14.  Bergmann,  in  his  Diflertation  on  humid 
Affaying,  gives  as  docimaftic  proceffes  for  the 
Ores  of  manganefe,  the  folution  in  nitric  acid, 
with  the  addition  of  fugar,  evaporation  to 
drynefs  of  the  nitrate  which  is  thus  obtained 
from  them,  and  treatment  of  the  mixed  ox- 
ides  of  manganefe  and  of  iron,  by  the  Ace- 
tous, or  the  very  weak  nitric  acid,  which  dif- 
folve  the  firft;  without  attacking  the  fecond  by 

the 


MANGANESE,  2S9 

the  addition  of  the  fugar*    He  obferves  alfo, 

that  when.a  iblution  of  manganefe  and  of  iron 

is  precipitated  by  the  alkaline  pruffiates,  the 

precipitate  of  pruiliate  of  manganefe  is  foluble 

iu  water,  whilft  that  of  iron  is  not,  and  that  this 

property  furnifhes  a  very  good  means  for  fe* 

parating  thefe  two  metals.    It  was  by  this  means 

that  Citizen  Guyton  difcovered  the  prefcnce 

of  carbonate  of  manganefe  in  the  water  of  Cha- 

tillon ;  but  he  remarks,  that  there  is  at  the  fame 

timeafmall  quantity  of  pruffiateof  iron  dilfolved 

in  it 

15,  The  ores  of  manganefe  are  not  worked  in 
the  large  way,  not  merely  on  account  of  the 
refraftory  nature  of  thefc  ores,  but  more  efpe- 
dally  becauie  it  is  of  no  utility  in  its  metaflio 
ftate.  The  places  where  the  native  oxide  of 
manganefe  is  found,  are  merely  worked,  in  order 
tofurnifli  the  manufaftories  of  glafs,  &c.  with 
this  oxide  which  is  employed  iu  them. 

E.  Treatment  by  Fire  and  Air, 

16.  It  muft  have  appeared  from  the  preceding^ 
details,  that  as  the  oxide  of  manganefe  exifts 
in  great  aburfflance  in  the  bowels  of  the  earth, 
whilft  the  metal,  on  the  contrary,  is  very  difficult 
to  be  obtained,  the  oxide  onlv  muft  have  been 
employed  in  the  arts.  As  it  is  alfo  upon  this  fub* 
ftance  that  all  the  experiments  and  difcovcries 
of  Scheele  have  been  made,  who  did  not  know 
the  metal,  there  is  no  other  method  whereby 

W(^ 
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we  can  well  underftand  and  comprehend  tHe 
whole,  -than  to  compare,  in  the  expofition  of 
each  mode  of  treatment  and  phenomenon,  tlxc 
properties  of  this  metal  and  thofe  of  the  oxide, 
or  rather  of  the  oxides ;  for  it  will  frequently 
be  neceffary  to  defcrilbe,  in  particular  the  effe&bs 
of  that  which  is  at  the  maximumj  and  thskX 
which  is  at  the  minimum  of  oxidation* 

17*  There  is  no  metal  equally  combuftibL^i 
and  which  combines  with  oxigen  more  eafiL  JT 
as  well  ^  more  fpeedily,  than  manganefe.  Ber^^* 
mann  had  remarked,  that  its  colour  was  ver. 
fubjecl  to  alteration  by  the  air,  and  that  it  wj 
fometimes  refolved  into  a  Thrown  powder  aj 
preaching  to  a  black,  which  weighed  more  thi 
the  entire  metal ;  he  was  ftill  ignorant  of  tk^  ^ 
caufe  of  this  phenomenon,  which  he  attribute- 
in  a  vague  manner  to  the  little  approximatio: 
of  the  particles  ;  moifture  had  appeared  to  hie:* 
to  favour  it,  as  well  as  the  impreffion:  of  th^ 
atmofpherical  air ;  for  he  had  obfei'ved,  that  ^ 
{mall  fragment  of  this  metal,  inclofed  in  a  dry 
well-corked  bottle,  leinained  entire  for  the 
fpace  of  fix  months,  but  that  having  been  after- 
Wards  expofed  to  the  free  air  for  twice  twenty- 
four  hours,  its  furface  was  tarnifhed,  and  it  had 
become  friable  under  the  finger ;  finally  he  ob*  Ji 
ferved,  that  the  parts  mofl:  charged  with  iron 
tefifted  this  fpontaneous  alteration  much  better. 
This  is,  undoubtedly,  the  cafe  with  the  button^ 
that  were  kept  expofed  to  the  air  for  feveial 

years  without  alteration  by  Citizen  Guytoii* 

thougHi 
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though,  they  were,  however,  not  feniibly  mag- 
tietic* .  The  following  is   what  I  have  afcer- 
tained  relative  to  the  fpontaneous  oxidability 
of  manganefe.     On  breaking  the  fmall  globules, 
which  I  had  obtained  by  the  redudion  of  the 
native  oxide  withput  flux,    I  perceived  that 
their  frefli  furface,  from  the  brilliant  greyiifli 
white  which  it  exhibited  at  the  moment  when 
it  was  firft  expofed,  became  almoft  inftantane* 
oufly  tarnifhed  i^i  the  air,  and  foon  aflumed  a 
lilac  colour,  afterwards  a  vi()let,  which  quickly 
paffed  into  a  black.     In  the  latter  ftate,  they 
vs^cre  friable  under  the   finger,  aiKl  formed  a 
black  powder  fimilar  to  the  native  oxides.    Hav- 
ing inclofed  fome  of  thefe  globules  entire,  and  . 
Covered  with  the  fmall  layer  of  oxide  formed 
or  left  during  their  fufion,  in  a   fmall  bottle 
Mrell-corked,  they  remained  there  entire ;  but 
having  broken  them,  in  order  to  obferve  their 
8ri"ain  and  internal  texture,  and  having  placed 
^hem  again  in  the  fame  bottle,  which  was  agi- 
tated  from  time,  to  time  in  order  to  obferve 
tHem,  they   were  found  at  the  end  of  fome 
Months   entirely  reduced  to    a  black  powder, 
^^liich  was  more  ponderous  than  the  globules 
^>ad  be«n. 

18.  It  cannot  be  doubted  that  this  plieno- 
^^cnon  depends  upon  the  quick  and  eafy  abforp- 
^ion  of  the  atraofpheric  oxigcn  by  the  mauga- 
^^fe ;  but  it  is  very  remarkable,  that  this  is  the 
^^\y  metal  which  prefents  fo  rapid  and  violent 
abforption.  This  celerity  of  combuftion, 
Vol.  V.  R  which 
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which  is  not  furpaffed  by  any  of  th^  combuftible 
fubftances  except  phofphorus,    is  united  with 
the  powerful  attra6i;ion  which  this  metal  exerts 
upon  oxigen.     We  fhall  fee  hereafter  that  it 
takes  it  away  from  iron  and  zinc,  and  that  it 
ranks  above  all  other  metals  with  refpeft  to  this 
property  :    accordingly   Citizen   Guyton    has 
placed  it  in  the  firft  raiik  of  oxidability ;  but 
it  is  not  evident  with  what  reafon  he  places  in 
the  fame  line,  iron,  zinc,  cobalt,  and  nickel,  as 
thefe  metals  are  far  from  exerting  upon  oxigen 
an  equally  ftrong  and  active  attraftion.     This  is 
incontrovertibly  proved  by  one  of  the  experi- 
ments of  Bergmann.     Having  ftrongly  heated, 
for  the  fpace  of  twenty  minutes,  with  the  acid 
of  fulphur,  fome  pieces  of  manganefe  inclofed 
in  a  covered  Heffian  crucible*  in  which,  how- 
ever, there  was  a  fufficient  quantity  of  air  to 
effect  its    oxidation,    he  obtained  an   opaque 
yellow  glafs,  and  a  fmall  globule  of  iron ;  con- 
fequently  the  manganefe  was  oxidated  and  vi- 
trified in  a  place  and  temperature  in  which  the 
iron  refilled  and  was  merely  fufed.     This  le- 
markable  oxidability  of  manganefe  has  induced 
me  to  think  that  it  might  be  employed  as  an: 
eudiometer,  and  that  in  order  to  preferve  it,  ife 
ought  to  be  kept  under  oil,  as  water  is^  not  adc*- 
quate  for  this  purpofe. 

19.  It  is  natural  to  expefil  that  manganefe 
muft  be  ftill  more  altered  and  burn  with  rapidify 
when  heated  in  contaft  with  the  air.  We  fee  it 
pafs  fucceffively  through  the  grey,  yellow,  red^ 

brown, 
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brown,  atid  black  coloui-s,  in  proportion  as  it  ab- 
forbs larger  quantities  of  oxigen.  Bergmannfays, 
that  the  artificial  oxkle^  heated  for  twelve  days, 
without  interruption,  paffes  to  an  opaque  green 
colour.  I  have  no  doubt,  that  at  a  high  tempera- 
ture, to  which  it  fhould  be  raifed  with  rapidity 
and  without  having  fufFercd  it  to  faturate  itfelf 
with  oxigen,  for  example,  when' heated  to  red- 
nefs  in  a  well-clofcd  apparatus,  and  fuddenly 
plunged  into  vital  air,  at  the  moment  when  it 
would  be  ready  for  fufion,  it  would  become  in- 
flamed in  as  lively  a  manner  as  iron  and  phof- 
phorus,  and  throw  out  burning  and  very  lumi- 
nous fparks  to  a  confiderable  diflance,  though 
the  experiment  has  not  yet  been  made.  The 
proportions  of  oxigen  have  not  yet  been  deter- 
fliined,  which  it  contains  in  its  different  ftates 
of  oxidation,  from  the  grey- white,  its  evident 
fninimuniy  to  the  deep  black,  its  certain  maxi^ 
^um  of  oxidation.  Bergmann  afferts,  that 
^anganefe  that  had  efflorefced  in  the  air,  and 
been  converted  into  an  obfcure  (brown)  oxide, 
during  fourteen  days,  was  augmented  by  0,35. 
^tis  known,  that  at  the  ultimate  term  of  oxida- 
tion, an  hundred  parts  of  manganefe  areincreafed 
in  weight  to  168. 

20.  The  native  or  artificial  oxides  pf  manga- 
nefe comport  themfelves  differently,  when  we 
^xpofe  them  to  the  light  and  the  aftion  of  cA- 
loric,  according  to  their  flate  of  oxidation. 
*thofe  which  are  the  moft  oxided  and  .the 
blackeft,  tp  which  thofe  which  are  brilliant  and 
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metalli-form  in  nature  fometimes  approach,  wh^i 
diililled,  or  rather  heated,  in  clofe  veffels,  wit! 
the  pneunielio-'-chemical  apparatus,  yield  larg 
quantities  of  confiderably  pure  oxigen;  lefs  is  ob 
tained  from  the  clear  brown,  the  yellow,  and  th 
grey,  and  notie  at  all  from  the  white  oxides.  Thi 
faft,  which  is  well  attefted,  proves  that  the  dif 
ferent  portions  of  oxigen  contained  in  the  mol 
complete  oxide  of  manganefe,  adhere  to  th 
metal  with  a  different  force,  and  that  we  ma 
feparate  from  it  more  or  lefs  eafily  the  portioj 
which  blackens  it,  and  in  general  colours  it  be- 
yond the  white^  and  that  that  which  is  combined 
wath  it  iti  the  laft-mentioned  ftate  of  coloura- 
tion, adheres  to  it  with  fuch  energy,  that  the 
aftion  of  tlje&e  is  incapable  of  feparatingit 
without  the  intervention  of  a  fubftance  which 
joins  to  it  its  own  particular  attraftion,  fuch 
as  charcoal- 

21.  This  property  of  the  coloured  oxides  of 
manganefe,  of  affording  oxigen  gas  by  the 
a6lion  of  caloric,  is  frequently  made  ufe  of 
in  the  chemical  laboratories  for  procuring  th» 
fpecies  of  elaftic  fluid.  It  has,  however,  ken 
obferved,  that  this  gas  is  not  fo  pure  as  that 
which  i^extraded  from  the  fpontaneous  oxi(fe 
of  mercury,  and  efpecially  as  that  which  isaf* 

"forded  by  the  fupef-oxigenated  muriate  of  pof* 
afli.  Sometimes  it  contains  afmall  quantity  rf 
carbonic  acid  gas;  fometimes  alfo  we  find  in  it 

^  afmall  portion  of.  azotic  gas,  and  it  is  undoubt* 

edly  to  the  prefencc  of  the  latter  fubftance,  that 

fc.      •  ••  -  .       ^ 
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Ve  are  to  attribute  the  fingular  fa6t,  obferved 
long  fince  by  Bergmann,  of  fome  nitrous  drops 
or  vapours  difengaged  during  tbe  treatment  of 
the  oxide  of  menganefe,  in  a  diftilling  apparatus. 
It  is  therefore  evident,  that  for  accurate  expe- 
riments, the  gas  difengaged  from  the  fuper- 
oxigenated  muriate  of  pot-alh  is  to  be  pre- 
ferred. 

22.  In  proportion  as  the  oxigen  is  feparated 
in  the  form  of  gas  from  an  03^ide  of  manganefc 
coloured  by  tjie  ai5tion  of  fire,  it  lofes  its  colour, 
and  always  paffes  towards  the  grey  or  white, 
which  as  we  have  already  feen,  approaches  to 
the  metallic  ftate  :  when  this  oxide,  in  part  dif- 
oxided,  is  expofed  to  the  conta6l  of  the  air, 
it  abforbs  atmofpherical  oxigen,  blackens,  and 
becomes  capable  of  yielding  a  new  quantity  of 
gas  by  the  aftibn  of  caloric.  I  haye  repeated 
this  experiment  three  fucceflive  tinifs  upop  the 
[  fame  oxide  of  nianganefe,  apjl  have  thereby 
I  convinced  myfelf  that  this  Qxide,  deprived  of 
the  portion  of  the  oxidat^ii^g  principle,  which  is 

■  difengaged  from  it  by  the  adion  of  caloric,  is  a 
:  fpecies  of  Ipad-ftone  (aimant)  for  the  atmof- 

pjierical  oxigen,  by  the  aid  of  which  we  may 
procure  this  gas,  almoft  without  any  other  coft 

["  than  that  of  the  combuftibles  requifite  for  dif- 
^gaging  it;  but  this  gas  is  not  fufficiently  pur^ 

[   for  delicate  experiments. 

\      23:  To  thefe  properties  of  the  p>^ide  of  man- 

■  gafiefe  dependent  upon  caloric,  there  is  alfo  tp 
i^  ^dde4  that  of  vitrifying  alonp  when  afted 

•  4  .  w^oa 
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upon  by  a  ftrong  heat,  and  of  yielding  a  grcenifli 
glafs  when  heated  in  a  veffel  which  contains 
air,  and  which  does  not  fufFer  the  oxigen  be^ 
longing  to  the  metal  to  be  difengaged  in  th< 
ftate  of  gas. 


F.  Treatment  with  combujlible  Bodies. 

24.  No  combination  is  known  of  manganefe 
with  azote,  hidrogen,  and  carbon.  It  is 
known,  that  the  latter,  heated  ftrongly  with  the 
oxide  of  this  metal,  takes  from  it  its  oxigen,  and 
reduces  it  if  at  a  very  high  temperature  :  it  ap^ 
pears,  that  it  does  not  unite  in  this  cafe  with  the 
metal,  but  with  the  iron  which  is  alloyed  with 
it,  as  will  be  fliown  hereafter. 

25.  Bergmann  fays,  that  metallic  manganefe 
appears  to  refift  combination  with  fulphur, 
which  I  do  not  yet  confider  as  certain  ;  but  h^ 
defcribes  the  combination  which  he  formed 
between  fulphur  and  the  oxide  of  manganefe. 
Eight  parts  of  this  oxide  united  with 'three  parts 
of  fulphur,  in  a  glafs,  retort,  and  produced  a- 
greeniih  yellow  mafs,  fufceptible  of  being  at* 
tacked  with  eflfervefcence,  ^and  yielding  ful* 
phurated  hidrogen  gas  by  the  acids.  Scheele 
has  alfo  obferved  that  part  of  the  fulphur 
pafled  to  the  ftate  of  fulphureous  acid  in  this 
operation. 

26.  Pelletierhas  fpoken-of  the  combination 
df  manganefe  with  phofphorus.  Having  heated 
6qual  parts  of  phoi|)horic  glafs  and  manganefe 

a  with 
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with  a  quantity^  of  charcoal,  equal  to  an  eighth 
of  the  former,  he  obtained  a  phofphuret  of  a 
white,  brilliant,  and  metallic  colour,  of  a  gra- 
nulated texture,  much  difpofed,  as  he  fays,  to 
cryftallization,  brittle,  and  which  remains  in 
the  air  without  efflorefcence.  He  obferves,  that 
the  manganefe  which  he  employed  was  not  ef* 
florefcent  in  the  air.  It  is  known,  that  thi& 
property  depends  upon  its  being  alloyed  with 
iron.  Above  ,the  phofphuret  of  manganefe, 
there  was  an  opaque  glafs  of  a  yellowiih  colour. 
He  effededi  the  fame  combination  by  throwing 
phofphorus  upon  manganefe  he:ated  to  redneft 
in  a  crucible.  This  latter  experiment  having 
been  made  with  efflorefcent  manganefe,  Pelle* 
tier  obferves,  that  the  phofphuret,  which  was 
obtained,  does  not  poifefs  that  character.  This 
phofphuret  feeraed  to  him  to  be  more  fufibte 
than  manganefe :  when  it  is  fufed  with  the 
blow-pipe,  the  phofphorus  is  feen  to  burn  in 
proportion  as  the  metal  is  oxided. 

27»  Manganefe  fufes  and  forms  alloys  with 
mod  of  the  metallic  fubftances;  however,  it^ 
alloys  have  hitherto  been  but  little  examined, 
Specially  thofe  formed  with  the  metals  that 
have  already  been  defcribed. 

G.  ^3ion  upon  Water  and  the  Oxides* 

Sa.  Though  the  labours  of  Bergmann  and 
Scheele  upon  manganefe  and  its  oxide  have  not 
been  refumed  fince  the  difcovery  of  the  decom« 
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pofition  of  M''ater,  and  though  experience  has  not 
yet  decided  upon  the  reciprocal  efFe^ls  of  this 
pietal  and  that  liquid,  yet  the  celerity  with  which 
the  metal  unites  with  oxigen,  and  the  attra6lion 
which  it  appears  to  have  for  the  firft  portion, 
which  converts  it  into  white  oxide,  renders  it 
probable  to  me,  that  it  is,  like  iron  and  zinc, 
and  perhaps  even  ftill  more  than  thefe  two  mc^ 
tals,  capable  of  decompofing  water,  and  deprive 
ing  it  of  its  oxigen.  We  fliall  foon  learn  fomc 
fa6ls,  which  appear  to  prove  it  in  a  fufficiehtly 
demonftrative  manner ;  and  it  is  on  this  account 
that  I  have  advifed  not  to  keep  it  under  water. 
29-  Its  ftrong  attraction  for  oxigen  indicates, 
that  it  is  capable  of  taking  this  principle  from 
in  oft  of  the  metallic  oxides,  and  this  is  in  facl 
what  happens  when  wfe  plunge  it  into  folutions 
of  thefe  oxides  by  the  acids ;  but  it  is  neceffary 
we  lliould  attend  to  the  different  attractions 
which  it  has  for  various  proportions  of  this 
^principle,  and  to  be  well  aware,  that  in  heating 
its  black  oxide,  or  that  which  is  moft  oxidated, 
with  certain  metallic  fubftances,  it  may  relin- 
quifti  to  them  the  part  of  its  oxigen  to  which  it 
adheres  the  leaft,  and  thus  con tradift  in  appear- 
ance the  general  difoxidating  property,  which 
ought  to  conftitute  its  fpecific  character.  This 
variety  of  attraction  for  different  proportions  of 
oxigen  produces  much  variation  in  its  pro- 
perties, and  gives  rife,  as  I  fhall  {bow  here- 
^after,  to  a  number  of  |>lienomena,  which  fome- 
times feem  to  be  contradictory  to  each  other. 

H.  Treat. 
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H.  Treatment  by  the  Acidu 

80.  It  is  in  this  reciprocal  afJioti  of  mangel- 

nefe  and  its  oxides,  that  the  mod  fingular  fafts 

in  its  hiftory,  and  the  moft  numerous  phenomena 

of  its   combinations  confift.     It  is  upon   tliis 

aftion  that  Scbeele  and  Bergmann  have  moftly 

infilled,     Whilft  it  fcrved  them  to  fupport  the 

fingular  theory  which  they  had  already  adopted 

concerning  heat,  as  compofed  of  air  and  phlo- 

gi/iony  it  furnifhed  the  pneumatic  doftrine  with 

the  moft  happy  refults  for  its  proofs,  and  the 

moft  fubftantial  fupport  for  its  confirmation,  as 

I  fliall  fliow  in  the  details  upon  which  I  am  about 

to  enter,   as  well  from  the  experiments  of  the 

tAro  illuftrious  Swedifli  chemifts,  and  thofe  which 

^re  peculiar  to  myfelf, 

SI.  The  concentrated  fulphuric  acid  afts  even 
}n  the  cold  upon  manganefe;  its  aftion  is  much 
niore  prompt  and  ftronger  when  it  is  diluted 
with  two  or  three  parts  water.  Whilft  it  takes 
place,  a  remarkable  quantity  of  hidrogen  gas  is 
^ifengaged;  but  its  folution  is  much  flower  than 
that  of  iron.  There  remains  in  the  liquor  a 
black  fpongy  mafs,  which  retains  the  form  of 
the  metal,  and  which^  as  Mr.  Kirwan  has  fliown, 
IS  carburet  of  iron,  a  proof  of  which  I  have  ad- 
vanced (No.  24),  that  carbon,  in  the  rcduclion 
^f  the  mangatiefe,  combines  with  the  iron.  Its 
neutial  folution  is  white  and  colourlefs ;  it  aftbrds 

hy 


250  MANGANESE. 

by  evaporation  tranfpaient  cryftals,  wliicli  ate 
alfo   colourlefs,     iu    the  form   of   parallelopi- 
pedons,  of  a  very  bitter  tafte,  which  fire  decom- 
pofes,    difengaging  from   them  fulphuric  acid 
and  oxigen  gas,  and  from  which  tlie  fixed  al- 
kalis   feparate    a   white   oxide   which  quickly 
becomes  brown  when  expofed  to  the  air,  begin* 
ning  at  the  uppermoft  layer  in  the  veffel  in 
which   the   precipitation  has  been  made;  but 
the  alkaline  carbonates  precipitate  from  it  a 
carbonate  of  manganefe  which  does  not  abforb 
the  atmofpheric  oxigen,  nor  become  black  like 
the  preceding.     In  this  a6lion  of  the  fulphuric 
acid  we  fee  the  decompofition  of  water,  and  the 
fixation* of  a  certain  proportion  of  its  oxigen 
which  does  not  amount  to  more  than  0,20,  in 
the  manganefe,  the  white  oxide  of  which  is  dif- 
folved  in  proportion  as  it  is  formed  in  the  ful- 
phuric acid.     The  white  oxide  of  manganefe, 
feparated  by  the  pure  alkalis,  diffolves  in  all  the: 
acids  when  it  is  not  yet  become  black,  and  at  the: 
moment  when  it  has  been  precipitated,  without 
having  been  expofed  to  the  air,  and  without  hav- 
ing abforbed  oxigen,  which  renders  it  infoluble. 
It  is  on  account  of  this  folubility  that  the  white: 
oxide  quickly  difappears  in  the  fulphuric  acid, 
even  though  it  be  diluted;  and  as  it  contains 
exaftly  the  quantity  of  oxigen  requifite  for  its 
folution  in  this  acid,  it  combines  with  it,  with- 
out requiring  to  abforb  any  from  it,  and  pon-^ 
fequently  without  effervefcence.    For  this  efFed 
takes  place  during  the  combination  of  the  metallic 

manganefe, 
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ttangatiefe,  only  becaufe  it  abforbs  tjic  oxigen 
of  the  water,  from  which  it  at  the  fame  time 
difengages  the  hydrogen. 

S2.  The  black  oxide  of  manganefe  is  dif- 
iohtd  with  difficulty,  by  degrees,  and  in  fmall 
quantity,  in  boiling  fulphuric  acid;  however, 
the  faturation  of  the  foUition  is  at  length  ef- 
fected; and  we  find  the  caufe  of  both  thefc 
efFe6te,  on  the  one  hand  in  the  flownefs  of  th? 
Solution,  and  on  the  other  in  the  faturation 
wliich  is  efFefted.,    When  we  perform  the  opera-* 
tion  in  a  clofe  apparatus  provided  with  a  pneu* 
nciatic  apparatus,  we  obtain  oxigen  gas,  which 
tnanifeftly  proceeds  from  tbeoxide  of  manganefe, 
^»^liich  being  thus  difoxidated,  becomes  foluble 
»n  the  fulphuric  acid.     If  we  diftil  to  drynefs, 
9.iid  wafli  the  refidue,  this  fluid  takes  up  ful* 
^hate  of  manganefe;  and  when  the  fame  opera- 
tion is  repeated  feveral  fucceffive  times,   the 
'^hole  of  the  oxide  of  manganefe  is  taken  up. 
It  is  very  evident  in  this  cafe  that  the  fulphuric 
^cid,  by  its  attraction  for  the  oxide,  taken  at  its 
^^inimunij  or  in  its  white  ftate,  is  the  caufe  of 
tlie  difengagement  of  oxigen,  fin ce  this  difen- 
Sagement  is  rendered  much  more  fpeedy  by 
tliis  addition  of  acid  than  it  is  in  the  diftilla- 
t ion  of  the  oxide  alone,   as  is  well  known  by 
^11  chemifts  who  have  occafion  to  procure  this 
gas.     Another  fa6l;,   which  we  owe  to  Scheele, 
Equally  proves  the  influence  of   the  hot  ful^ 
phuric  acid    in  the  difoxidation   of  mangan- 
efe; namely,  that  if  we  add  fugar,  honey,  or 

gum 
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gum  to  the  mixture  of  fulphuric  acid  and  this 
oxide,  we  render  the  latter  foluble  without  its 
difengaging  oxigen  in  the  form  of  gas,  fince  it 
is  abforbed  by  the  vegetable  matter;  au  abforp-- 
tiori  which  does  not  take  place  without  the  pre- 
fcnce  of  the  acid,  for  it  is  in  vain  to  rpix  the 
oxide  with  the  vegetable  fubftances  alone,  they 
do  not  in  any  manner  affeft  the  oxidation.  In 
the  cafe  of  this  addition,  we  fee  why  the  folu- 
tion  in  the  acid  is  more  prompt  than  when  it 
a6ls  alone.  In  fafl,*  there  are  here  two  forces 
which  confpire  together,  'that  of  the  acid  upoa 
the  difoxidable  oxide,  and  that  of  the  vegetable 
ipatters  upon  its  oxigen:  fome  metals,  evea 
gold,  according  to  Bergman n,  a6l  by  the  fame 
principle,  and  favour  the  folution  of  the  black 
oxide  in  fulphuric  acid. 

S3.  When,  in  the  combination  of  the  black 
oxide  of  m'anganefe  with  fulphuric  acid,  which 
I   have  juft  defcribed,  we  diftil  to  drynefs  this 
acid  ilightly  diluted  upon  half  its  weight  of  oxide, 
weextraft  more  than  a  fourth  of  the  oxide,  dif- 
folved  in  fulphate,   by  means  of  water;  and  the 
folution  is  red  or  violet,  as  well  as  the  cryftal- 
lized  fait  which  is  obtained  from  it;  which  fliows 
that  in  this  cafe  the  pxide  of  manganefe  retains 
more  oxigen  tha^i  when  the  folution  is  white,  as 
it  is  when  the  metal  itfelf  is  made  to  aft  upon 
the  acid;  it  is  alfo  to  be  concluded  from  hence, 
that  there  are  two  fulphates  of  manganefe,  the  ^ 
one  little  oxidated,  M^hich  is  the  white;  the  otherra 
at  the  maximuni  of  oxidation  iu  \^  hich  the  aci(^^ 

ca 


MAKdANESE.  25 


e% 


can  ilifpend  this  oxide.  We  fliall  fee  that  the 
cafe  is  the  fame  with  iron,  which  alfo  affords  two 
different  fulphates,  according  to  the  (late  of 
oxidation  of  the  metal.  We  quickly  obtain 
the  red  or  violet  fulphate  of  manganefe,  and 
particularly  the  latter,  by  uniting  with  the  ful- 
phuric  acid  the  oxide  of  this  metal  formed  by 
its  expofure  to  the  air,  an  oxide  which  eafily 
diffolves  in  it^  The  alkalis  precipitate  it  in  a 
reddifh  ftate,  and  this  precipitate  blackens  very 
quickly  in  the  air.  Bergmann  obfcrves,  on  this 
occafion,  that  the  red  oxide  of  manganefe  holds 
in  this  refped  the  middle  rank  between  the  black 
and  the  white,  that  it  is  more  foluble  in  the  ful- 
phuric  acid  than  the  firft,  and  lefs  fo  tlian  the 
white;  we  muft  add,  that  it  forms  with  it  ah 
oxigenate-d  or  coloured  fulphate,  whilft  the  white 
affords  a  fimple  and  colourlefs  fulphate.  Ve- 
getable fubftances  that  poflefs  avidity  for 
oxigen,  deftroy  the  colour  of  the  oxigcnated 
fulphate  of  manganefe,  deconipofe  it,  and  caufe 
Jt  to  pafs  into  the  white  ftate  or  thatof  fmiple 
fulphate.  It  appears,  according  to  feveral  ob- 
fervations  of  Scheele,  that  organic  bodies  in 
thus  difojcidating  the  manganefe,  and  favour- 
Jng  its  fclution  in  the  acids,  operate  b}^  means 
of  their  carbon,  fmce  he  has  remarked  that  car- 
Iconic  acid  was  difengaged. 

34.  The^fulphureous  acid  afts  but  feebly,  or 
^ot  at  all,  upon  manganefe,  though  it  exerts  a 
<^onfiderable  aftion  upon  its  oxide.  Scheele  had 
^bferved,  that  on  receiving  fulphureous  acid  into 

vater, 
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Walter,  in  which  black  oxide  of  manganefe  hat 
been  infufed,  this  grows  white,  difappears,  and  is 
gradually  diflblved  in  this  liquid  acid,  without 
either  motion  or  formation  of  bubbles.  More* 
over,  he  had  remarked  that  this  folution  was  of 
the  fuIphatCy  not  of  the  fulphite  of  manganefe^ 
and  that  this  fulphate  was  white.  Nothing  can 
be  more  clear  than  this  phenomenon  in  the  pneu- 
matic doSrine.  The  fulphureous  acid,  having 
great  avidity  for  oxigen,  takes  it  away  from  the 
highly  oxidated  oxide,  and  returns  to  tlie  ftatc 
of  fulphuric  acid,  Avhich  fpeedily  diffolves  the 
oxide,  deprived  of  the  portion  of  oxigen  which 
was  the  caufe  of  its  infolubility.  Hence  it  is 
evident  that  no  eifervefcence  can  take  placd 
and  that  the  folution  mud  contain  white  and 
fimple  fulphate  of  manganefe.  All  thefe  details 
will  fervc  to  place  the  aftion  of  the  other  acids 
upon  manganefe  and  its  oxides  in  a  clearer  and 
more  fimple  point  of  view. 

35.  Nitric  acid  diffolves  manganefe  with  cf- 
fervefcence  and  difengagement  of  nitrous  gas ; 
there  remains  behind  a  fpongy,  black,  and  light 
njafs  of  carburet  of  iron,  which  is  not  foluble. 
This  folution  is  coloured  on  account  of  the 
iron  which  it  contains;  its  colour  is  dark,  and 
there  is.no  red  or  violet  nitrate  of  manganefe^ 
as  there  is  fulphate*  The  white  or  leaft  oxi- 
dated oxide  of  manganefe  diffolves  very 
eafily,  in  the  nitric  acid,  and  without  effervcf- 
cence  as  well  as  without  difengagement  of  nit- 
rous gas :  this  is  owing  to  the  circumftance,  that 

the 
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Ihe  oxide   containing  th<j   portion  of  oxigen 
which  it  can  hold  in  order  to  remain  united 
with  the  acids,  does  not  require  to  take  any 
from  the  nitric,  and  confequently  to  decompofe 
this  acid  as  its  metal  does.    This  nitric  folution 
of  the  white  oxide  is  colourlefs,  as  long  as  it 
contains    no  iron;    it  affords   no   cryftallized 
nitrate  of  manganefe,  not  even  by  flow  evapo- 
ration.    The  black  oxide  diflblves  only  in  very 
fmall  quantity,  and  with  great  difficulty  in  the 
nitric  acid,    but  it  may  be  faturated  with  it 
in  courfe  of  time.     It  is  evident  that  this  dif- 
ference between  the  nitric  and  fulphuric  acids  de- 
pends upon  its  being  more  volatile,  its  not  hav- 
ing fo  great  an  attra6lion  in  general  for  the 
metallic  oxides,  its  always  tending  more  to  yield 
oxigen  to  them,  than  to  deprive  them  of  it:  the 
addition  of  fugars  of  honey,  of  oils,  and  even  of 
metals,  to  the  mixture  of  the  black  oxide  of 
manganefe  and  the  nitric  acid,   favours  their 
combination;  and  the  oxide,  deprived  of  a  por- 
tion of  its  oxigen  by  thefe  bodies,  whofe  ten- 
dency to  unite  with  it  is  increafed  by  the  acid, 
diflblves  in  this  acid.     Carbonic  acid  gas  is  dif- 
engaged  in  this  operation,  and  more  even  thau 
in  that  which  is  performed  with  the  other  acids. 
36.  The  nitrous  acid  diflblves  the  oxide  of 
toanganefe  mu  ch  better  than  the  n  I  trie.     Scheelc 
has  feep  and  well  defcribed  the  important  phe- 
nomena of  this  folution :  it  takes  place  without 
riTervefcence.     Nitrate,   not  nitrite,    of  man- 
ganefe  is  formed;  the  fulphuric  acid  afterwards 

difengages 


difengages  white^  not  red  vapours  from  it 
This  manifeftly  proceeds  from  the  abforption 
of  the  oxigen  by  the  nitrous  oxide,  as  is  proved 
both  by  the  folution  of  the  oxide,  which  can- 
not take  place  Avithout  its  previous  difoxidation, 
and  by  the  converfion  of  the  nitrous  into  nitric 
acid.  It  is  fuperfluous  to  remark  in  this  place, 
how  well  all  thefe  fa6ls  accord  with  the  pneu- 
matic doftrine,  and  give  {lability  to  the  princi- 
ples which  conftitute  it^. 

S7*  Manganefe  diffolves  with  efFervefcence- 
and  difengagement  of  hidrogen  gas  in  the 
liquid  muriatic  acid.  Its  M^iite  pxide  unites 
with  it  alfo,  but  without  effervefcence  or  fepara- 
tion  of  gas,  as  it  does  not  require  any  abforption 
of  oxigen,  with  M^hich  it  is  fufficiently  provided 
to  diffolve  in  this  acid.  Its  black  oxide  alfo  diC* 
folves  in  it  more  eafy  than  in  the  preceding* 
acids,  on  account  of  the  two-fold  tendency 
which  this  acid  exerts,  on  the  one  hand  upon  the 
oxigen  Avith  which  it  in  part  becomes  faturated,/ 
in  order  to  pafs  into  the  ftate  of  oxigenated 
muriatic  acid ;  and  on  the  other,  upon  the  oxide 
of  manganefe,  at  the  minimum  of  oxidation, 
with  which  it  forms  a  fait.  When  we  caufethc 
muriatic  acid  to  aft  upon  the  black  oxide  of 
manganefe,  there  are  two  remarkable  aftions  of 
this  acid,  and  it  divides  its  energy  into  two 
forces  Avhich  form  an  equilibrium  between  them- 
felves,  or  rather  which  do  not  ceafe  to  acl  till 
they  are  in  equilibrio:  the  one  difoxidates  the 
manganefe;  and  forms  oxigenated  muriatic  acid 

till 
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till  it  has  become  foluble;  the  other  diflblves  it 

and  caufes  a  portion  of  the  acid  to  enter  into  a 

faliue  combination.  This  experiment  led  Scheelc 

to  the  difcovcry  of  the  acid  which  he  termed 

dephlogijlicated  marine  acid,  and   the   French 

chemifts  to  the  knowledge  of  the  real  nature  of 

this  compound,  which  they  have  denominated 

by  the  exa6t  appellation  of  oxigenated  muriatic 

acid.     In  the  aftion  of  the  muriatic  acid  upon 

the  black  oxide  of  manganefe,  wc  obferve  the 

paflage  of  this  oxide  to  the  red,  the  grey,  and 

the  white.     In  the  laft^mentioned  ftate,  it  united 

with  the  acid  and  forms  a  colourlefs  fait;  if  we 

i^dd  a  conabuftible  body,    the  folution  of  the 

bWk  oxide  in  this  acid  is  effected  without  the 

formation  of  oxigenated  muriatic  acid.     The 

properties  of  the  muriate  of  manganefe  have  not 

[    yet  been  defcribed  m  ith  accuracy*     Bergman 

i,   fays  that  it  affords  cryftals  with  difficulty,  but 

I    only  forms  a  deliquefcent-  faline  mafs.     How- 

'    ever,  it  frequently  happens  in  the  laboratories, 

that  large  cryftals  of  this  fait  are  obtained,  the 

form  of  which  has  not  indeed  been  yet  deter* 

mined.     The  muriatic  acid  decompofes  the  ful- 

phate  of  manganefe. 

38.  The  oxigenated  muriatic  acid  oxidateiS 
manganefe  to  the  white  ftate,  quickly  and  with- 
out eifervefcence;  it  burns  and  inflames  this 
metal  when  it  is  thrown  in  the  form  of  powder 
ctf  filings,  into  oxigenated  muriatic  acid.  It 
tflfo  unites  with  the  oxides  of  manganefe,  and 
forms  folutions  of  the  brown,  rcd>  or  violet 
Vol-  V-  S 
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colours,  which  afford  cryftals  of  the  famd  tinto. 
There  is,  therefore,  an  oxigenated  muriate  of 
manganefe,  the  properties  of  which  have  not 
yet  been  difcovercd,  and  which  it  would  be  very 
important  to  examine. 

39.  The  phofphoric  acid  does  not  unite  im- 
mediately with  manganefe;  it  diffolves  its 
oxides  with  difficulty:  we  may  unite  it  with  it 
by  pouring  a  folution  of  an  alkaline  phofphate 
into  that  of  the  nitrate  or  muriate  of  manganefe: 
we  obtain  a  precipitate  of  phofphate  of  this 
metal.  The  cafe  is  the  fame  with  the  fluoru: 
acid,  which  alfo  forms  a  fluate  of  manganefe 
of  little  folubility.  The  fame  is  done  with  th« 
borates. 

40.  Liquid  carbonic  acid  attacks  manganefe^ 
as  well  as  its  black  oxide;  both  are  diiSblved 
in  it,  though  in  fmall  quantity.  This  folution, 
expofed  to  the  air,  gradually  precipitates  the. 
oxides  which  feparate  at  the  furface  in  a  white 
pellicle,  if  no  oxide  of  iron  be  prefent.  Berg- 
man obferves,  that  when  we  ufe  the  metal  in 
this  combination,  an  odour  analogous  to  that  6f 
burned  fat  is  difengaged. 

41.  We  are  not  acquainted  with  the  a6iionof 
the  four  metallic  acids  upon  manganefe  and  its 
oxides,  nor  their  combinations  with  this  metal 
We  know,  however,  that  the  arfenious  acid  pof- 
feffes  the  property  of  taking  a  portion  of  oxigen 
from  the  black  oxide  of  manganefe,.  and  of  paf* 
fing  in  this  manner  into  the  ftate  of  afienic 
^cid,  and  that  it  whitens  it  at  the  fame  time*     * 

42.  In 
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42.  in  general,  noiie  of  the  folutions  of  man* 
ganefe  ia.the  acids  is  decdmpofed,  or  rendered 
turbid  by  the  contaft  of  the-air.     The  acids  re- 
tain this  oxide  too  ftrongly  for  it  to  abforb  the 
attnqlptierical  oxigen.     The  pure  alkalis,  and 
the  alkaline  earths,  feparate  the  oxide  t)f  man- 
ganefe  from  the/n  in   a   brou^n    ftate,    which 
quickly  becomes   darker  coloured  in  the  aii*, 
and  by  the  mere  conta6l  of  water  containing 
air. 


1.  Treatment  bj/  the  Salifiable  Safes,  and  the  Salts. 

43.  No  aftion  is  exerted  upon  manganefe  by 
the  earths;  its  oxide  combines  and  vitrifies 
with  them,  imparting  different  colours  to 
them,  according  as  this  oxide  contains  more  ox* 
kfs  Dxigen,  and  is  more  or  lefs  charged  with 
iron.  In  general,  thefe  vitreous  crufts,  or  frits, 
ire  of  the  green,  dark  broM^n,  blackifh,  oi^ 
yellowifli  green  colours;  they  are  feldom  red, 
unlefs  we  add  to  them  fome  flux  properly  fo 
called. 

44.  The  pure  alkalis  promote  the  oxidation 
of  maaganefe,  and  the  decompofition  of  water 
by  this  metal,  as  they  eafily  unite  with  the 
oxide..  Scheele  has  well  defcribed  the  nnion  of 
the  fixed  alkalis  wrth  the  oxide  of  manganefe. 
In  the  dry  way,  thefe  two  fubftances  are  fufed 
together  into  a  dark  green  mafs,  foluble  in  wa* 
tcr,  which  it  tinges  green:  when  this  folution  is 
kept  in  a  well-clofed  -vefTel,  a  yellow  oxide  of 

S  §1  iron 
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of  the  acid  of  nitre  in  the  artificijal  manufadories 
of  nitre. , 

46*  Manganefe  and  its  oxides  have  no  knowii 

.  aftion  upon  the  fiilphates :  thefe  faUs,  however, 
poffefs  the  power  of  depriving  glaffes  coloured 
by  manganefe  of  their  <!oloi|r,  when  aided  by 
a  ftrong  heat.  The  nitrates  eafily  burn  this 
metal,  and  ftrongly  oxidate  it ;  it  is  on  this  ac- 
count that  fufed  nitre  gives  a  violet  or  red 
colour  to  glaffes  whitened  by  this  oxide,  by  re? 
ftoring  to  it  the  oxigen  which  had  been  takcu 
away  from  it  in  the  fufion  of  thefe  glaffes.  T)ifi  I 
black  oxides  of  manganefe  decompofe  the  nit 
trate  of  pot-afli  in  the  heat,  by  difengaging 
the  acid,  and  combining  with  its  bafe,  with 
which  they  form  a  coiijpound  fimilar  to  that  , 
which  is  formed  immediately  with  the  alkalis^ 
47f  The  phofphates  and  the  borates  fufed  by 
the  blo\vr-pipe  with  the  oxide  of  manganefe,  giv€ 
colours  which,  vary  according  to  the  ftateof 
this  oxide,  and  according  to  the  kind  of  fufion 
which  they  are  made  to  undergo.  Bergman 
and  Scheele  have  given  very  accurate  details 
concerning  the  phenomena  of  thefe  comWnar 
tions.  A  globule  of  phofphate  of  amnionia 
fufed  by  the  blow-pipe,  with  black  oxide  of  man- 
ganefe, gives  it  a  blue-red  colour,  or  a  red 
colour,  if  we  add  more  of  this  oxide.  By  heat- 
ing it  upon  charcoal,  or  adding  to  it  a  little  of 
this  fu^bftance  in  the  ftate  of  powder,  its  colour 

^  is  diffipated  with  effervefcence  :  this  is  not  cf- 
felled  except  with  the  interior  blue  flame  of 

.  .  the 
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the  blow-pipc ;  but  if  we  employ  dn}y  the  white 
exterior  flame,  and  tlie  vitreous  globule  is  thus 
expofed  to  the  air,  the  colour  re-appears  with 
the  faiiie  tinge.     Nitre  caufes  it  immediately  to 
re-appear,  whilft  fulphur,    the   fulphates,    th* 
metals,  and  many  of  the  metallic  oxides  deftroy 
it ;  the  firft  of  thefe  fubftances  yielding  oxigen 
to  the  ir.anganefe,  and  the  fecond  depriving 
it  of  this  principle.     When  we  have  difcoloured 
afaline  vitreous  globule  charged  with  manganefe 
hy  its  difoxidation,  we  may  reftore  to  it  its  for- 
mer colours,  by  fufing  it  again  for  fome  time  in 
a  veffel  of  filvcr  or  platina,  in  conta6l  with  the 
air,  M^hich  reftores  to  it  the  oxigen  of  which 
it  has  been  deprived.     In  the  changes  which 
take  place  fo  eafily  on  a  fmall  fcale  in  experi- 
ment \*'ith  the  blow-pipe,  we  obferve  a  Very 
fenfible  difference,  if  we  produce  them  or  at- 
tempt to  produce  them  in  crucibles.      Carbon 
^d  fulphur  aft  indeed  as  decolorant  or  difoxi- 
dant  fubftances,  and  the  nitre  as  a  colorant  or 
oxidant ;  but  the  fulplmtes  and  metallic  oxides 
no  longer  produce  the  effeds  which  they  exhibit 
with  the  blow-pipe,  fmce  the   cpntaft  of  the 
air  in  one  jcafe,  ^nd  of  the  combuftible  vapour 
jrf  the  blue  flame  in  the  other,  aft  much  more 
ilrongly  upon  the  globules  than  analogous  fub- 
ftances are  able  to  aft  in  a  crucible. 

48.  Borax  produce:?  thefe  phenomena  with 
fome  flight  diflferences  in  the  colours ;  inftead 
of  the  reddifli-blue  given  to  the  phofphate,  it 
1%  here  of  a  yellowifli-red ;  the  faturation  by  the 

%  oxide 
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6%\de  is  indeed  of  a  ruby-red  in  both  cafes. 
Carbon  effaces  here  the  colour  more  (lowly  and 
\\itb  more  difficulty  than  in  the  phofphate,  on 
account  of  the  ftronger  adhefion  which  the  oxide 
contrads  M'ith  the  borax. 

49f    Thefe   beautiful  phenomena  of  colora-. 
t jon,  given  to  the  fluxes  by  the  oxide  of  man^ 
ganefe  in  different  ftates  of  oxidation,  ^afily 
explain   how   this  oxide    clears  glafs.      It  ia 
the  oxide  of  iron  which  tends  moft  commonly  to 
colour  the  glafs,  and  this  oxide  is  not  faturated 
With  oxigen ;  when  we  add  oxide  of  mangau^- 
efe,  this  laft  yields  to  the  former  all  the  oxigen 
which  it  wants  in  order  to  become  colourlefs, 
and  affumes  the  fame  caft  itfelf  by  lofmg  a  por- 
tion of  this  principle.     We  fee  therefore  why 
nitre   reftores   the   violet    colour,    by    giving 
back  the    oxigen   which  it  had   loft.     Many 
other  metallic  oxides,  and  in  general  all  the 
combuftible  fubftances  which  are  able  to  take 
this  principle  from  the  black  oxide  of  man- 
ganefe,  and  which  frequently  form  a  part  of 
the  vitreous  combination  which  they  colour,  are 
equally  difcoloured  by  this  oxide.     Moreover, 
it  is  evident,  that  it  muft  be  added  in  a  quan- 
tity proportionate  to  that  of  the  colouring  fub* 
ftances  combined  with  the  glafs  :  if  we  add  too 
little,  the  primitive  colour  remains  ;  if  we  add 
too  much,  the  oxide,  which  is  not  entirely  dif- 
oxidated,  colours  with  its  own  violet  or  red- 
difli  tinge,  the  glafs  that  has  an  over-propor-» 
tion  of  man  ganefe. 
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50.  It  is  eafily  conceivable  from  all  that  has 
been  faid,  that  manganefe  and  its  oxide  muft 
be  extremely  ufeful  inftniments  in  chemiftry ; 
the  firft,  as  a  metal  which  is  extremely  com- 
buftible,  and  abforbs  oxigen  from  many  fether 
fubftances  in  order  to  pafs  into  the  ftate  of 
white  oxide ;  the  fecond,  in  its  black  ftate  or 
at  the  maximum  of  oxidation,  by  introducing 
into  fubftances  an  abundant  and  very  aftive 
portion  of  the  oxigen  which  it  contains.  Ac- 
cordingly, befides  the  oxigenated  muriatic 
acid  which  this  oxide  forms,  it  mav  be  em* 
ployed  in  the  analylis  of  many  bodies ;  and  not' 
withftanding  the  advanced  ftate  of  the  fcience, 

[     it  may  be  confidently  afferted,  that  the  benefits 
1     which  it  has  already  derived  from  this  beauti* 
^     fill    metal,    are    nothing   yet    iii    comparifou 
with  thofe  which  it  will  derive  from  it  here- 
after, 

51.  The  oxide  of  manganefe  is  x>f  great 
utility  in  the  arts.  Befides  its  ufe  in  the  glafs 
manufaftories  for  purifying  glafs,  on  which  ac* 
count  it  has  been  termed  the  glafs- maker's  foap, 
it  is  employed  in  enamels,  porcelain,  &c.  It 
is  of  importance  here  to  remark,  that  the  ac- 
curate knowledge  which  we  now  poffefs  rcla» 
tive  to  the  nature,  the  differences,  and  tlie 
diftindive  properties  of  this  oxide,  according 
to  its  different  ftates  of  oxidation,  will,  when 

-  it 
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it  fhall  have  become  more  generally  cIifFufed, 
and  when  it  fliall  have  been  introduced  into  the 
manufactories  of  glafs,  porcelain,  and  enamels, 
afford  a  much  furer  guide  to  tlie  artifts  in  their 
operations,  than  the  blind  routine  and  falla^- 
cious  empiricifm  by  which  they  have  hitherto 
been  direded.  In  a  word,  both  for  the  ^Tt$ 
and  for  fcience,  manganefe  is  a  fubftance,  the 
ftudy  of  which  has  already  led,  an4,wiU  continue 
to  lead,  to  the  moft  ufeful  and  important  refultSf 


Article  XL 


A.  Hijlory* 


metals  began  to  be  the  fubje6l  of  inquiry,  it 
has  been  fucceffively  named,  according  to  the 
various  and  often  erroneous  notions  which 
each  author  gave  of  it,  grey  tin,  grey  leaddXii 
faturn,  "white  antimony^  white  aud  JihtT' 
coloured  marcajite^  jovial,  grey  pyrites,  &c. 
!&c.  It  is  mentioned  by  the  name  of  wwig"- 
nejia  in  Geber,    by    that   of  demo  gar gon  \^ 

Glauber, 


1.  BISMUTH  was  known  by  the  ancients,  ; 

who  gave  it    the  name  of  tin-glafs,   which  j 

it  has  borne  for  a  long  time ;    amono-ft  mi^  j 

neralogifts,    and    efpecially    fince   the  appear-  i 
ance  of  the  work  of  A^ricola,  when  its  differ- 


ences,    and    thofe     of   its    ores    from    other 


Glaiiber^  of  nymph  in  Van  H^lmont,  oC  glaurc 
IQ  Aqgurellus. 

9.  Pott  and  Geoffrey  the  younger,  in  1753, 

are  the  two  firft  ch'emifts  who  have  ftudied  its 

propierties,  and  diftinguilhed  its  fpecific  charac- 

te^8  with  accuracy.     Darcet  and  Rouelle  have 

fubje^ed  it  to  a  courfe  of  remarkable  cxperi* 

xnents^      Monnet,  and  Baunil*,  have  afterwards 

jjiefcribed  its  principal  combination  in  a  more 

detailed  and  exaft  manner  than  their  prede-*- 

pe0c»^     Bergman  has    given  a  ftill  more  acr^ 

curate  account  of  fome   of  its   combinations 

^d  its  precipitates.     The  pneumatic  dodiripe 

has  i-endered  its  hiftory  much  more  ex  aft  and 

clear,  though  it  has  not  yet  been  particularly 

occupied  ^^ith  the  properties  of  this  inetaL  . 

B.  Thyjical  Properties. 

3:  Pure  bifmuth  is  a  brittle  metal,  of  a 
white  colour,  verging  towards  yellow,  pre- 
feiiting  a  texture  of  large  brilliant  and  glittering 
plates.  Its  fpecific  weight  is  9,822 ;  it  ap- 
pears to  vary,  according  to  its  greater  or  lefs 
degree  of  purity,  between  the  limits  of  9,822 
'  aad  10,000,  As  it  is  hollowed  a  little  by  the 
ftrokes  of  the  hammer  before  it  breaks,  and  as 
it  is  not  the  moft  brittle  of  the  metals  of  this 
order,  Mufchenbroeck  found,  that  fufed  bif- 
muth of  8>7l6,  was  brought  by  hammering 
to  9,638?  notwithftanding  this  approach  of 
lU  plates,   they  break  under  a  violent  ftroke ; 

they 


they  arc  fcJuced  into  a  kind  of  fmall  filaments, 
and  even  into  a  fine  powder  which  may  be 
paffed  throug'h  a  filk  fieve ;  in  this  ftate  it  is 
of  a  dirty  grey  colour. 

4.  With  a  little  caution  in  differing  it,  wd 
cafily  obtain  a  regular  o6lahedron  froni  a  la* 
mellated  fragment  of  bifmuth.    Citizen  Guytooi 
gives  it  the  third  rank  with  refpe6't  to  hard* 
Hdfs,  and  places  it  next  to  copper  with  regard 
to  this  property.     Its  elafticity  is  fmall ;    it 
Jias  a  peculiar  fmell  and  tafte  though  they  are 
flight  and  little  perceptible ;  it  eafily  condu6l$ 
de<5lricity  and  galvanifrii. 
■    5.  The  dilatabihty  of  bifmuth  has  not  y-et 
been  eftimated.      It  fufes    very    quickly  and 
eafily.  *  Citizen  Guyton  ranks  it  with   refped 
to  this  property  between  tin  and  lead,  and  de- 
termines  its   fufibility  at  the  205th  degree  of 
Reaumur's   thermorhetcn     It  may   be   poured 
in  the  fufed  ftate  into  a  cone  of  paper,  with- 
out burning  or  even  fcorching  it.     If  we  fuffer 
it  to  cool  flowly. after  its   fufion,  it    cryftal- 
lizes  in  parallelopipedons  which  join  or  rather 
meet  at  a  right  angle,  and  are  enveloped  m 
one  another,  like  the  turns  of  a  volute,  fuch 
as  are  termed  ^  la  GrecquCy  becaufe  the. Greeks  - 
have  often  employed  this  form  in   their  archir 
tefture.     In  order  to  obtain  this  cryftallijgation, 
^vemuftwaittillthe  bifmuth  is  fixed  atitsifurface, 
then  perforate  the  cruft,  and  pour  oft' the  fluid 
portion,  not  in  order  to  leave  a  fpace  fufficient 
for  thejegular  arrangexneiitof  the  molecuks, iis 
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Rom^deLifle  imagined,  for  the   cryftals  are 

formed  in  the  midft  of  the  liquid  metal,  like 

the  falts  in  their  folution, — but  in  order  to  lay 

bare  the  cryftals  that  are  already  formed,  and 

not  fuffer  them  to  be  inclofed.  in  the  whole 

of  the  fixed  mptal.     Citizen  Pouget  has  actually 

obferved,  that  when  the  folid  cruft  formed  at 

the  furface  of  the  fufed  bifmuth  is  taken  away, 

whilft  the  lower  part  is  ftill  liquid,  this  cruft 

exhibits  well-formed  crvftals  beneath.     Of  all 

the  metals,  this  cryftallizes  in  the  moft  regular 

and  eafy  manner :  it  is  alfo  the  firft  metal  which 

the  chemifts  have  caufed  to  cryftallize. 

6.  Bifmuth  heated  for  a  long  time,  and  vio- 
lently after  its  fufion,  fublimes  and  rifes  in 
vapour  in  well-clofed  veffcls.  It  attaches  itfelf 
and  cryftallizes  ,in  fmall  brilliant  filaments  at 
the  upper  part  of  thie  apparatus,  in  which  it  is 
fubjefited  to  this  high  temperature.  On  ac- 
count of  this  volatility,  and  at  the  fame  time 
of  its  brittlenefs,  it  was  ranked  amongft  the 
fiani-metals:  it  was  faid  4;o  be  the  heavieft  of 
the  femi-metals,  and  it  was  compared,  with 
fftfpedl  to  tl^em,  to  lead  with  -refpeft  to  the 
perfefl  nietals. 

.     .  C,  Natural  Ilijlory. 

.  7., The  ores  of  bifmuth  are  not  very  nu- 
pierous.  There  are  only  three  that  have  been 
well  diftinguiflied  from  each  other :  the  one  is 
the  native- btCmuth;  tUefecond  is  thefulphuret 

...   .-, ^  of 
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of  biimuth,  and  the  third  is  an  oxide  of  ttiif 
»etal.  That  which  has  been  termed  arfenical 
Ore  of  bifmiith,  is  only  an  accidental  mixture 
of  bifmuth  with  arfenic. 

«-  Native  bifmuth,  which  is  very  eafily 
diftinguifhablc  by  its  colour,  its  brittlenefs, 
and  its  fufibility,  ji^hich  enables  it  to  flow, 
when  the  gangues  which  contain  it  are  placed 
at  a  fmall  diftance  from  the  fire,  or  when  the 
flame  of  a  taper  is  applied  to  the  fragments 
which  then  become  every  where  covered  with 
well-fufed  globules, — is  ftill  more  diftinguifli- 
able  by  its  appearance  and  its  form.  It  is 
found  in  fmall,  ycilowifli,  brilliant,  triangu- 
lar, or  ftriatcd  laminae,  in  dendrites  engaged 
in  the  gangue,  or  in  regular  oftahedrons  of 
the  fame  colour,  which  are  often  very  well 
pronounced :  it  may  be  cut  by  the  knife,  and 
it  breaks  eafily  under  the  ftroke  of  the  ham- 
mer. It  is  frequently  found  at  Scala  in  Ncritia, 
in  Dalecarlia,  at  Schneeberg,  at  Baftnaes  in 
Sweden.  It  is  frequentiy  mixed  with  arfenic 
interpofed  between  its  molecules, 

9.  The  fulphuret  of  bifmuth  is  an  ore  el 
a  blackifh-yellow  colour,  fometimes  of  a  yellow- 
ifli  tinge,  or  in  irregular  mafles  much  refem- 
bling  thofe  of  the  fulphuret  of  lead,  or  cryftal- 
lized  in  pointed  prifms,  very  like  the  fulphuret 
of  antimony.  Its  fra6lure  is  brilliant  and  la- 
mellated.  The  longitudinal  divifions,  as  Citi- 
zen Haiiy  remarks,  take  place  parallel  to  the 
fides  of  an  hexahedral  prifm,  and  others  are  per« 

ceived 
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ceiVcd  which  are  oblique  to  its  bafes.  The 
fmaUnefs  of  the  fragments  has  not  yet  permit- 
ted him  to  afcertain  with  accuracy  the  pofition 
of  thofe  different  feftions,  and  confequently  to 
determine  the  primitive  form  of  this  mineral. 
The  fulphuret  of  bifmuth  is  diftinguiflied  from 
that  of  lead  by  its  being  fufible  by  the  flame  of 
a  tapen  When  it  is  heated  by  the  a6lion  of  the 
blow-pipe,  the  white  vapour  which  exhales  from 
it  attaches  itfelf  to  the  charcoal  in  an  incrufta- 
tion  of  a  reddifli-yellow  colour,  which  becomes 
white  by  cooling.  In  this  mineral  the  bifmuth 
is  combined  with  the  fulphur  in  the  metallic 
ftate;  fometinies  it  appears  that  the  bifmuth 
contains  iron.  It  was  undoubtedly  this  cir- 
cumftance  that  induced  Cronftedt  to  admit  an 
ore  of  bifmuth  and  iron,  mineralized  by  fulphur, 
in  large  cuneiform  fcales  at  Konigfterg  in  Nor- 

10.  The  native  oxide  of  bifmuth  :  this  which 
is  frequently  found  with  the  native  oxide  of 
Wfiriuth,  or  at  the  furface  of  the  fulphuret  of 
bifmuthy  is  alfo  fometimes  infulated  and  depo- 
fited  or  diffeminated  upon  ftony  gangues  in  gra- 
nulated effervefcences,  of  a  greenifli-yellow 
colour,  very  eaiily  diftinguifliable  by  its  caft. 
Mr.  Kirwan  believes  that  this  oxide  is  combined 
with  the  carbonic  acid.  Bergman  fays  that  it 
is  of  a  whitilh  colour,  and  very  fcarce. 
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D.  ^Jfay  and  Metallurgy. 

11.  The  aflay  of  the  ores  of  bifmuth  is  on^ 
of  the  moft  eafy  and  fimple  ;  it  confifts  in  mix- 
ing the  ores,  pounded  and  waihed,  with  aii 
eighth  or  a  quarter  of  their  weight  of  reducing 
flux,  placing  them  in  a  lined  crucible,  well 
clofed,  and  fufing  them  with  a  gentle  heat  and 
rapidly,  in  order  to  prevent  the  volatilization 
of  the  metal.  Cramer  efpecially  recommends 
to  perform  this  operation  in  well-clofed  vef- 
fels.  A  button  is  obtained  which  is  to  be  accu- 
rately weighed. 

12.  Bergman  dire6ls  as  a  means  for  aflay- 
ing  ores  of  bifmuth,  in  the  humid  way,  folu- 
tion  in  the  nitric  acid :  the  folution  is  pre- 
cipitated by  means  of  water,  as  we  fliall  fee 
hereafter ;  and  if  the  ore  of  bifmuth  contain 
any  foreign  metals,  thefe  reitiiiin  diffolve4 
after  the  precipitation  of  the  former.  The  ful- 
phuret  of  bifmuth  difTolves  alfo  in  the  nitric 
acid,  by  the  aid  of  a  flight  ebullition;  thefulphur 
feparates  from  it  in  proportion  as  the  oxidated 
metal  pafles  into  the  acid;  it  is  then  waflied;  and 
its  purity  is  afcertained  by  its  burning  with- 
out refidue  upon  an  ignited  coal,  and  its  quan^* 
tity  is  determined  by  weight  The  cafe  li 
the  fame  with  the  native  oxide  of  bifmuth ;  tk 
nitric  acid  diflblves  it;  it  is  precipitated  by 
water  and  iron,  or  cobalt :  if  the  ore  contains 
any,  it  remains  in  folution.  Bergman  aflerte, 
that  in  precipitating  the  oxide  of  bifmuth,  dif" 

folved 
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iblved  by  the  nitric  acid,  an  hundred  and  thir- 
teen parts  of  the  oxide  that  is  feparated  repre* 
fent  exa6ily  one  hundred  parts  of  the  metal 
taken  away  from  the  ore.  The  weight  of  the 
precipitate  is, equal  to  the  dilfolved  portioti 
wheii  M^e  aflay  a  native  oxide. 

13.  The  working  in   the  large  way,  or  thf 
Inetallurgy   of  the  ores  of    bifmuth,    is    not 
mote   difficult  than  the  aflay^  on  account  of 
the  eafy  reduction  and   fufion  of  this  metal. 
Genetally,  in  the  places  where  the  ores  of  hif** 
uiuth  abound,  a  pit  of  fmall  depth  is  dug  itj 
the  ground  near  the  place  where  the  ores  ai*<; 
extrafted;  this  pit  is  covered  with  billets  of 
wo6d  placed  near  each  other,  w^hich  are  kin* 
died,  and  the  ore  broken  into  fragments  thrown 
Upo^i  them*     The  bifmuth  roafts,  becomes  oxii* 
dated,    paffes  through    the  coals,   is  reduced; 
fufcd,  run$,    and  collects  in  a  cavity  beneath, 
where  it  forms  an  orbiculai*  cake.    In  this  man* 
Jtier  are  formed  thofe  cakes  of  bifmuth,  convex 
^  one  fide  and  flat  on  tlic  other,   and  frequent^ 
ly  cryftalliized  at  the  flat  furface,  which  we  fep 
llutig  up  in  the  fliops  of  our  druggifts. 
P        14.  In  pther  places  they  incline  over  an  hol^ 
dug  in  the  eatth,  the  trunk  of  a  fir-tree,  fplit  in 
two  and  hollowed  into  a  channel,  upon  which 
a  ted  of  dry  wood  is  laid  and  fet  on  fire ;  the 
pjre  is  thrown  upon  this  fire ;  the  metal  runs 
^JpOg  the  channel  in,  the  trunk  of  the  fir,   intp 
the  hole  or  receptacle,  where  it  collefts,  and 
p^bfftipfi  ijt  is  tafegn  out  with  irofli  ladles  and 
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poured    into   moulds    of    iron,    where   it    be- 
comes fixed   in    ingots.     We  fee  by  the   fliort 
account  of  this  work,  which  is  the  moft  fim- 
pie  of  any  in  metallurgy,  that  bifmuth  cannot 
always  be  perfectly  pure,  and  that  it  is  not  fur— 
prizing  that  we  frequently  find  fulphur  in  it, 
which  is  feparated  during  its  folution. 

E.  Oxidability  hy  the  Air, 

Bifmuth  is  but  very  flightly  altered  in  the 
ccld  by  the  contatl  of  the  air;  it  only  lofes  its 
brilliancy  and  becomes  coA^ered  with  a  (light 
duft  of  a  yellowlfh-grey  colour;  but  it  burns 
very  eafily,  and  quickly  abforbs  the  atmofpheric 
oxigen  when  it  is  heated ^  in  contafl  with  the 
air.     Pott  has  obferved,  that  by  conflantly  agi- 
tating in  the  air,  by  means  of  the  ftalk  of  a  to- 
bacco-pipe, pulverized  bifmuth expofed  to  a  very    ' 
gentle  lire,  in  a  flat  veffel,  it  was  reduced  into    j 
an  oxide  of  a  yellowifh-grey  colour,   eafy  to 
be  vitrified  and  reduced  by  combuftibli^  fub- 
ftances.     A^  it  becomes  vitrified  after  its  oxida- 
tion, it  penetrates  the  pores  of  the  cupels;  and 
fome  authors  have  propofed  to  fubftitute  it  in 
the  place  of  lead  for  cupellation,  as  being  oxi- 
ded  and  abforbed  quicker  than  the  latter;  but 
it  has  been  obferved  that  it  flies  about,  and  forms 
malTes  refembling  mufhrooms  and  cauliflowers, 
^ahd  that  in  this  manner  it  might  occafion  alofs 
of  the  precious  metals,  as  I  ihall   fhow  upon 
another  occafion. 

16.  When  we  fufe  bifmuth  in  contaft  with 

the 
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the  air,  it  quickly  become^  cov^ecl  with  a  pel* 
licle  exhibiting  the  prifmatic  colours,  and  by 
agitation,  whilft  the  application  of  the  heat 
is  continued,  it  is  changed  into  a  powder 
or  oxide  of  a  green ifli  grey  and  fometimej^  of  a 
brown  colour,  which  has  been  termed  afties  of 
bifmuth.  In  this  operation  it  increafes  by  about 
a  twelfth  of  its  weight.  If  we  continue  to  ftir 
and  heat  it  in  the  air,  it  affumes  k  yellow  colour 
approaching  to  orange,  and  becomes  a  little 
heavier  than  it  was  before.  Citizen  Guyton 
reckons  the  augmentation  of  the  weight  of  bif- 
muth (Completely  oxidated,  at  0,25,  which  ap- 
pears to  me  to  be  too  much.  GeofFioy  the 
younger  has  obferved,  that  whtn  fufed  bifmuth 
is  heated  to  rednefs  in  an  open  crucible,  it  in- 
flames with  a  flight  explofion,  emits  a  blueiih 
lighty  and  at  the  fame  time  rifes  into  the  air  in  a 
yellowifli  fmoke,  condenfible  into  what  was  then 
improperly  ttrmed  Jlowers  of  bifmuth^  of  the 
fame  colour.  This  oxide,  which  at  laft  becomes 
very  like  minium^  or  the  red  oxide  of  lead,^  ac- 
cording to  the  fame  chemift,  is  not  volatile 
neither  is  it  raifed  into  vapour  in  the  abbve- 
mentioned  operation,  except  by  the  deflagration 
which  the  inflamed  bifmuth  undergoes. 

17.  Citizen  Dafcet  having  expofed  bifmuthv, 
in  bowls  of  the  crude  pafte  of  porcelain,  to  the 
fire  of  the  oven  in  which  this  earth  is  bakec}^ 
conftantly  obferved  this  metal  to  run  out 
through  a  crack  in  the  crucible,  the  external 
part  of  which  it  coated  with  a  yellowiih  glafsj 
whilft  the  oxidated  and  vitrified  pqrtion  of  the 
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the  fulphur  is  never  completely  feparated,  ex- 
cept by  the  aftion  of  the  nitric  acid,  greatly 
refembles  the  fulphuret  ,of  antimony,  from 
which  it  may,  however,  be  diftin^uiflied  by 
an  attentive  examination,  as  it  does  not  foil 
the  fingers  like  the  latter,  as  it  is  a  little  lefs 
fufible,  and  as  the  vapour  which  it  yields  be- 
fore the  blow-pipe,  afTumes  a  reddifh  tinge, 
whereas  that  of  the  fulphuret  of  antimony  re- 
mains white,  as  has  already  been  mentioned  in 
treating  of  the  ores  of  bifmuth. 

2 1 .  Sulphurated  hidrogen  gas  colours  the  fur-*  f^po 
face  of  bifmuth,  and.ftrongly  blackens  the  ox*  /-'2ce 
ides  of  bifmuth,  which  it- brings  towards  the  i'Jit^  ;, 
metallic  ftate  by  reducing  them  to  tlie  ftate  of  j^^^fniu 
fulphuret. 

22.  Bifmuth    is    eafily    alloyed    with   many 
metals;  but  it  does  not  unite  without  difficulty 
with  moft  of  thofe  that  we  have  already  ex-      ^^    ^^ 
amined.     In  faQ;,  its  combination  with  tung- 
ften,  molybdena,  chrome,  titanium,    and  ura- 
nium are  not  known.     That  which  it  is  capable      I  ***r|, 
of  forming  with  arfenic,  lias  alfo  been  hitherto      1  , .     r 
ill  defcribed.      Wallerius   has   remarked,   that  * 
they  cannot  be  united  by  fufion;  it  is  known 
that  in  fmelting  it,  it  feparates  from  cobalt,  >  at 
the  top  of  which  it  colleds;  that  it,  neverthe- 
lefs,   unites  with  this    metal  by   the   acid  of 
nickel:  its  alloy  with  the  latter  affords,  accord^ 
ing  to    Cronftedt,  a  brittle,    fcaly,    micaceous 
metal.     It  does  not  appear  to  be  fufceptible  of 
uniting  with  manganefct 

G.  Affion 
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G.  A3ioH  of  Water  and  the  Odides. 

23.  Bifmufh  exerts  no  a61ion  upon  water;  its 
attraction  for  oxi«:en  is  too  weak  to  take  it 
from  the  hidrogen.  On  the  contrary,  we  find 
that  this  latter  principle  takes  the  oxigen  from 
the  oxides  of  bifmuth,  colours  them,  and  caufe^ 
them  to  return  to  the  ftate  of  bifmuth.  It  is 
true  that  hidrogen  afts  much  more  powerfully 
iipon  thefe;  oxides  when  it  contains  ftilphur, 
fince  this  feizes  the  metal  at  the  fame  time  that 
the  hidrogen  attracts  the  oxigen  of  the  oxide  of 
bifmuth.'  From  this  double  attraction  proceeds 
the  brown  or  green  colour,  which  is  imparted  to 
the  white  oxide  of  bifmuth,  in  fo  rapid  and  fen- 
fible  a  manner,,  by  the  vapours  of  the  hidroful- 
phurets,  or  the  hidrogenated  fulphurets. 

24,  It  is  to  be  expelled  that  a  metal  that  has 
fo  little  attraftion  for  oxigen,  or  rather  M'hich 
has  fo  flight  an  adhefion  with  this  principle, 
M'ill  be  able  to  take  it  from  but  very  few  metal- 
lic fubftances;  accordingly  bifmuth  does  not  a6l 
fenfibly  upon  the  metaUic  oxides,  if  we  except 
thofe  of  the  leaftcombuftible  metals,  with  whic4i 
it  eafily  divides  the  oxigen  which  they  contain ; 
as  it  appears  to  yield  a  part  of  its  own  to  other 
oxides.  \  This  fa6l  is  exemplified^in  the  manu- 
fa6lure  of  porcelain,  arid  in  the  preparation  of 
enamelis,  where  the  colours  are  often  feen  to  be 
modified    by  the    mixture   of  thefc  different 

oxides; 


oxides ;  modifications  which  are  owing  merely 
to  the  diftributions  of  oxigen  amongft  the  dif* 
fereht -oxides  \rhich  are  mixed  in  the  vitrifica- 
tions. 


H.  AHion  qfthe  Acids. 

• 

kS.  All  the  folutions  of  biffnuth  ift  tht  acids^ 
and  €ven  the  cryftallized  falts  which  are  obtained 
from  them,  refemble  e^ch  other,  and  differ  from 
all  or  almbft  all  the  other  nietaUjc  folutions,  al 
Tt^ieil  as  from  all  their  falts,  in  the  cifCumftanc6 

4* 

thStt  thfe  addition  of  a  fufficient  quantity  of  wa- 
ter deipompofes  them,  and  precipitates  from  them 
?in  oxide  of  bifmuth,  of  a  more  or  lefs  beautiful 
and  brilliant  whit^  colour.  This  phenomenon 
ihows  that  the  bifmuth  is  ftrongly  oxidated  by 
the  afliqn  of  the  acids,  that  it  has  little  adhefiou 
with  the  folveiits,  and  that  it  forms  with  them 
combinations  of  very  little  permanency;  but  it 
is  veiy  remarkable,  that  this  metal  ihouldexift 
in  them  more  highly  oxidated  than  it  is  by  the 
ordinary  procefs  of  oxidation  Avith  the  aid  of  fire 
and  water,  and  that  it  fhould  have  a  white  co- 
lour, whilft  the  oxide,  made  in  the  ordinary 
manner,  has  only  a  dirty  grey  or  yellowifli  caft. 
This  phenomenon  is  found  to  take  place  iu  feve- 
lal  and  even  in  almoft  all  the  metallic  fubftances. 
2€,  The  concentrated  fulphuric  acid  exerts^ 
no  aiftion  in  the  cold  upon  bifmuth;  but  this 
metal  decompofes  the  acid  by  ebullition;  and 

by 
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by  means  of  diftillation,  fulphureous  acid  gas 
is  difengaged;  the  bifmuth  being  oxidated 
and  coil  verted  into  a  white  powder.  If  we  heat 
it  ftrorigly,  fulphiir  is  volatilized.  When  we 
wafli  this  mafs  with  water,  the  liquid  takes  up 
the  remaining  acid,  and  a  fmall  quantity  of 
oxide  of  bifmuth.  The  lixivium  yields  fmall, 
needled,  and  foft  cryftals  by  a  well-managed 
evaporation:  this  fulphate  of  bifmuth  is  decom- 
pefed  by  water,  which  feparates  from  it  a  white 
oxide.  The  portion  of  this  oxide,  that  is  fepara- 
ted  from  the  mafs  by  the  firft  lixiviation,  does 
not  fenfibly  retain  fulphuric  acid,  and  is  re- 
duced with  much  greater  difficulty  than  the 
oxide  formed  by  the  adion  of  fire  and  air. 

27.  The  fulphureous  acid  does  not  attack 
bifmuth;  it  unites  with  its  oxide,  and  forms 
with  it  a  white  fulphite  infoluble  in  water,  and 
even  in  its  acid,  of  a  fulphureous  tafie,  fufibte 
by  the  btow-pipe  into  a  reddifli-yellow  mafi, 
which  is  reduced  into  metallic  globules  upon 
charcoal,  decpmpbfable  with  effervefcence  by 
the  fulphuric  acid,  yielding  by  diftillation  ful- 
phureous acid,  and  leaving  alfo  a  white  and  puire 
oxide. 

28.  Nitric  acid  exeits  a  very  lively  a6tion 
upon  bifmuth*  When  this  acid  is  a  little  con- 
centrated, and  the  bifmuth  in  the  ftate  of  powder, 
the  je-a6lion  between  the  bodies  is  fo  violent,  and 
the  effervefcence,  the  fwelling,  and  the^difen-^ 
gagement  of  nitrous  gas,  as  well  as  the  forma- 
tion of  the  red  an4  thick  nitrous  vapour  which 

•  this 
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this  gas  produces  in  the  air,  are  fo  rapid  and 
active,  that  the  whole  of  thefe  phenomena  pre- 
f(int  a. ftrikin^  example  of  a  combuftion  whicli 
requires  *nothing  except  flame  to  render  it  com- 
plete:, in.  faft,  it  is  a  real  and  very  violent 
combuftion,  and  is  attended  with  a  great  pro- 
duftion  of  heat.  The  bifmuth  is  burned  by 
tbedeGompofition  of  the  acid  into  white  oxide, 
which,  after  the  action  has  ceafed,  if  the  quan* 
tity  of-2rCid  lequifite  for  its  oxidation  have  not 
bceji  added,  remains  dry;  fometimes  in  this 
operation  the  metal  becomes  inflamed  and 
throws  out  fparks.  If  we  take  a  weaker  acid, 
no  fuch  violent' action  enfues;  the  oxide,  in  pro- 
portion as  it  is  formed,  is  diflblvcd  in  the  acid. 
It  is  obferved,  \that  a  black  infoluble  powder  is 
detached  from  the  metal,  which  Pott  confidered 
;asan  oxide  of  bifmuth,. and  which  others  have 
-taken  for  fulphur :  it  is  «ot  yet  known  whether 
it  is  not  charcoal.  The  nitric  folution  p^repared 
•in  this  manner  is  colourlefs,  and  depoflts  cryf- 
V  ,tals  frequently  without  evaporation.  This  fait 
lip5  been  defcribed  as  having  the  form  of  tetra- 

"  hedrul  prifms,  comprefled  Math  obtufe  trihedral 
fummits :  I  have  obtained  it  in  flat  rhomboidal 

>  ^  parallelopipedons,  refembling  the  Iceland  cryf- 
tal,  but  with  much  more  obtufe  angles.  The 
nitrate  of  bifmuth  detonates  feebly,  and  with 
fmaUreddifli.fcintillations  upon  ignited  charcoal; 
it  fufes,  boils,  fwells,  exhales  nitrous  vapour, 
and  leaves  a  greenifh-yellow  oxide  difficult  to 
bfJ  reduced*     It  dries  in  a  dry  air,  and  in  humid 

air 
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air  it  becomes  a  little  nioift  and  covered  with  a 
white  and  opaque   pellicle      As  foon  as  it  is 
brought  into  contaft  with  water,  it  renders  it 
turbid,  decompofes  it,  precipitates  a  white  oxide, 
and  affords  only  nitric  acid  with  a  very  fmall 
quantity   of  water.     This  decompofition  is  ef- 
fefted  with  the  nitric  folutiqn,  which  is  pi!)ured 
gradually   into  a  large  quantity  of  water,   in 
order  to  obtain   the  oxide,  which  was  formerly 
termed  magiftery  of  bifmuth,  and  which  is  ftili 
called  pearl  white   in  the  fhops,    and  is  em- 
ployed as   a  paint  for  the  (kin.     If  we  wiih 
to  obtain  this  precipitate  very  white,  and  in 
a  ftate  of  extreme  divifion,  iit  order  that  it 
may  be  very  mild,  it  muft   be  prepared  with 
a  large  quantity  of  water,  agitated  for  a  long 
time,  Avell  M'^afhed,   and   dried  with  great  pre- 
caution, and  in  places  where  there  is  no  com- 
buftible  vapour.    , Frequently  it  aflumes  a  la- 
mellatedr  and  brilliant   form,    like    light    mo- 
ther of  pearl,  or  the  white  fcales  of  fifhes.     At 
leaft  1  IS  parts  are  obtained  from  100  of  bifmuth 
that  have  been   employed;    and  as  the  w^ater 
which   diffolves  the  acid  retains  alfo  a  certain 
quantity  of  oxide  which   is  feparated  by   the 
addition  of  the  alkalis^  we  muft  add  a  little  more 
weight  to  the  augmentation  which  this  metal 
experieirces  in  its   oxidation  by  means  of  the 
acid;   for  Bergman  reckons  it  only  at  113  to 
the  hundred,  indicating  only  the  oxide  that  is 
feparated  by  the  \vater.     The  oxide  of  bifmuth 
obtained  in  this  manner,  when  employed  a]5  a 

2  white 
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■ 

whi^§.  p^iut  for  the  ikin,  has  the  inconvenience  of 
beiqg  very  e^fily  turned  to  s^  dark  grey,  brown,  or 
€\^fi,Vl*<^k  coloi^r,  by  thecontaftof  fulphuratedpr 
Gtrbpn^ted  bidrqgengas,  and  even  by  that  \vhich 
is  d.ifengaged  frpiia  hot,  hard-boiled  eggs,  from  pri- 
vies, fe wers,  and  fropi  various  boiled  vegetables. 

29.  Xhfi  muriatic  acid  a.6ls  with  difficulty 
iipon  bifmuth;  in  order  to  favour  its  aftion,  it  is 
requifite  that  it  fliould  be  concentrated,  and  kept 
for  a  long  time  in.  digeftion,  or  even  diftilled 
upon  ;  thi?  m^tal  reduced  to  powder.  During 
this  adion  a  fetid  fmell  i$.  difengagecl,  which  is 
probably  pwng  to  a  particular  htdrogen  ga^, 
tliQiugii  this  has  ^ot  yet  been  afcert^ined  by  ex- 
periment, fince  the  metal  being  decomposed,  as 
fljall  fbon  be  fliown,  and  the  acid  not  being  ca- 

jp^ble  of  beiag  dex^ompofed,  there  is  x)nly  the  wa- 

Jter  tliat  Q4n  fupply  it  with  oxigen ;  9,nd  the  other 
priipiciple,  the  hidrogen,  muftbe  exhaled  at  the 

Jfametioie.  By  evaporating  the*?icid  that  ha?  been 
heated  ^pon  the  bifmuth,  or  by  wathing  tjje  pjafe 

.which  reinai^s  after  the  flow  diftillation  carried 
to  (Jrynpfs,  ^nd  by  evaporating  this  folution,  WfC 

,rc^it]ai^,  though  wjth  difficulty,  flender  needles  of 
muriate  of  bifnmth  in  fmall  quantity ;  fof  the 
greater  part  of  the  oxide  of  bifmuth  has  bee^ 

/ifeparaled  by  the  w^ter.     The  muriate  is  fi^b- 

-Jimed  by  th^a^lio^  of  the  fire  into  a  thick  iixlid 
fubft&nice,  jfuiibie  by  a  gentle  heat,  AV^^hich.  was 
forn^jerly  termed  butter  of  bifjtmih)  it  is  deli- 
quefcent,  decompofable  by  water,  whieh-fepa* 

.jajes  from  it  a  very  fin^  white  .oxide. 
■  sa  The 
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SO.  The  oxigenated  muriatic  acid  oxidates 
bifmuth  with  much  promptitute  and  a6livity> 
and  fortns,  with  the  oxide  whi<:h  it  produces, 
the  fam€  fait  as  the  preceding.  If  we  throw 
pulverized  bifmuth  into  oxigehated  muriatic 
acid  gas,  it  becomes  inflamed  and  throws  out 
white  fparks  at  the  itioment  M'hen  it  oomes  into 
contaifit  with  this  gas.  The  veflel  in  which  this 
fkperimeiit  is  made,  is  afterwards  entirely  co- 
vered with  white  oxide  of  bifmuth.  The  action 
of  the  okigenated  muriatic  acid  upon  bifmuth 
is  not  known;  it  is  not  kno>vn  whether  thefe 
ftibftances  unite  together,  .and  wliether  there 
exift  an  oxigetiat-ed ,  muriate  of  bifmuth,  and  in 
what  refpeft  it  may  differ  from  the  fimple  muri- 
ate of  this  metal. 

31.  We  are  equally  ignorant  of  the  nature 
and  properties  of  the  combinations  of  the  phof- 
phoric,  fluoric,  and  boracic,  as  alfo  of  the  me- 
tallic acids,  with  the  oxide  of  bifmuth;  the 
idti6n  of  thefe  acids  upon  the  metal  hafs  ticrt 
T]lech  appi*eciated.  Its  oxide,  however,  i«  com- 
biried  with  moft  of  thefe  acids,  by  pouring  folu- 
tiofffeof  the  itlkaline  falfe  which  they  fdrm,'  ixito 
a  folutibti  of  nitrate  of  bifmuth.  In  this  expe- 
riftietit  vrt  'obtaSn  white  precipitates;  Weknoiv 
lalfo  that  thei'e  ekifts  a  carbonate  of  bifitulth,  for 
whiift  Vfr  precipitate  folutions  of  biftnuth  iti  the 
^aiJMyby  ^i£ti!tT5  of  the  alkali nfe  catrbonatcs,  we 
5te'*itOt'ifee  the  (ariJotitc  add  difen^gcd,  utleaft 
iixit  *«itiyely;  'an'd  the  pi-eCjpiJtate  ofetai«ed^by 
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thefe  falts  wcisrhs  more  than  the  oxide  of  the 
metal  ought  to  Aveigh  if  it  were  pure. 

32.  All  the  folutions  of  bifmuth  by  the  acids 
are  precipitated  by  the  alkaline  earths,  the  al- 
kalis, and  the  alkaline  carbonates,  in  a  white 
powder.  Bergman  fays,  that  a  hundred  parts 
of  bifimxth  diffolved,  yield  by  foda  125  parts  of 
precipitate;  by  the  carbonate  offoda^  130;  by 
thepruffiate  of  pot-afh,  180.  To  all  the  fadte 
tiiat  have  already  been  indicated  it  muft  be 
added, '  that  thefe  folutions  are  never  faturated, 
but  always  acid,  though  it  feems  that  the  oxide 
of  bifinuth  itfelf  is  in  a  ftate  approaching  to 
acidity,  efpefcially  with  refped  to  its  flight  ad- 
hefion  with  its  folvents. 


!•  Action  upon  the  Salifiable  Bases  and  the  Salts, 

33.  The  oxide  of  bifmuth  unites  by  the  vitre- 
ous fufion  with  filex,  to  which  it  imparts  a 
greenifh-yellow  tinge.  The  alkaline  earths 
exert  no  fenfible  aQ:ion  upon  this  metal.  Pott 
aflures  us  that  the  fixed  alkalis  reduce  bifmuth 
in  fcoria;  but  there  is  reafon  to  believe  that 
this  fcbrification  depended  upon  the  air  apd 
the  veflels.  .  Ammonia  does  not  afl;  upon 
bifmuth;  it  is  however  aflerted,  that  it  affumes 
41  yellqwilb  colour  with  it.  MargrafF  fays,  that 
.its  o^jde  diflblves  well  in  this  volatile  alkaE 
.  The  combination  of  the  oxide  of  bifmuth  with 
the*  alkalis,   deferyes  to  be  well  eicamined  by 

chemifts, 
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cheniifis,.as  it  promifes  combinations  in  which 
this  oxide  may  act  the  part  of  an  acid* 

34.  Bifmuth  produces  no  alteration,  cither 
in   the  fulphates    or   fulphites;    it    iji   burned 
and  oxidated  by  the  nitrates.     When  ftrongly 
heated  and  thrown  into  a  red-hot  crucible  with 
nitrate  of  pot-afh,  it  detonates  feebly  without 
any  rapid  or  brilliant  inflammation^  it  is  re- 
duced into  an  oxide,  of  which  one  portion  com- 
bines with  the  pot-alh.    Pott  afferts  that  bifmuth 
is  oxidated,  diffolved,  and  fublimed  by  muriate 
offoda. 

This  metal  does  not  a6l  upon  the  muriate  of 
ammonia,  but  its  oxide  decompofes  it  very  well; 
even  in  the  cold,  it  begins  to  difengage  from  it 
a  fmall  quantity  of  ammonia  by  fimple  tritura- 
tion; and  by  heat  it  is  totally  decomposed,  and 
leaves  a  muriate  of  bifmuth  which  is  fublimed 
entirely  when  afted  upon  by  a  ftrong  fire.  It 
here  performs  the  functions  of  an  alkali  or  a  fa- 
lifiable  bafe. 

The  fuperoxi^enated  muriate  of  pot-aili 
burns  bifmuth  with  a  flame,  and  oxidates  it- 
completely  and  very  quickly,  by  the  aid  of 
heat,  or  the  conta6t  of  an  inflamed  body.  A 
mixture  of  one  part  of  this  metal  in  fine  pow- 
der, and  three  parts  of  the  fait,  fulminates  with 
the  efniffion  of  fparks,  when  ftruck  upon  an  an- 
vil with  a  hammer. 
r  The  phofphates  and  phofphites,  the  borates, 
'  the  fluates  and  the  carbonates,  do  not  aft  upon 
bifmuth.      Thefe  falts,   which  are  frequently 

termed 
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termed  the  vitreous  flux,  on  account  of^  tlieit 
property  of  vitrifying  with  many  fubftances,  are 
adlually  fufed  into  a  glafs  with  bifmuth,  which 
gives  them  a  yellow  colour  with  more  or  lefs 
of  a  greenifli  caft,  according  to  its'  different 
ftate  of  oxidation. 

K.  Ufes. 

35.  Bifmuth,  which  has  been  compared  with 
lead,  but  very  improperly,  fince  it  differs  from 
this  metal  in  moft  of  its  properties,  and  linc€ 
fome  points  of  firained  analogy  which  G^offroy 
the  younger  has  found  \n  it,  are  much  fewer 
than  the  differing  charaders  which  it  prefents, 
is  very  frequently  employed  in  its  metallic 
form.  It  is  alloyed  with  feveral  metals,  in  order 
to  give  them  hardnefs,  rigidity,  or  confidence} 
it  is  particularly  ufeful  to  the  pewterers,  and  all 
thofe  who  employ  white  and  hard  alloys.  It  is 
generally  believed  that  it  ads  upon  the  animal 
economy  in  the  fame  manner  as  lead,  thaugh 
this  opinion  is  yet  fupported  by  no  decifive 
fafifcs.  In  this  flate  of  uncertainty,  and  efpe- 
tially  on  account  of  the  fufpicion  which  all 
well-inftrafted  authors  have  entertained  c£  bif- 
muth, it  ought  never  to  be  employed  internally 
exc-ept  with  much  prudence  and  caution* 

36.  The  utility  of  its  oxides  is  very  ccmfidera- 
ble.  It  is  employed  in  this  Soim  by  the  jRianu- 
faclurers  of  porcelain  in  the  preparation  of  fome 
jellow  enamels :  it  is.  mixed  with  lother  p^^^i^ 

in 


in   order  to  tinge  the  colours  of  glazes   and 

paintings.     It  is  fometimes  ufed  in  tlie  manu- 

fefture  of  coloured   glafs,   to   give  a  yellow 

tinge  approaching  to  green.     The  white  paint 

or  fucus  is  the  moft  comnaon  preparation  of 

this  metal  in  the  ftate  of  oicide.     Befides  the 

inconveniences  which  I  have  already  mentioned, 

and  which  are  not  of  fufficient  conlequehce  to 

prevent  females   from    employing  it,    as   the 

conta6l  of  the  hidrogenated  vapours  may   be 

avoided,  a  more  important  intereft  ought  to 

diffuade  them  from  its  ufe.     The  oxide  of  bif- 

muth  injures  the  fkin,  either  by  obftrufting  its 

pbres,  or  by  conftrifting  and  irritating  its  texture^ 

or  by  thickening,  hardening  and  blackening  it: 

it  is  employed  for  rendering  the  hair  black* 

The  Germans  ufe  the  white  oxide  of  bifmuthj 

in  dofes  of  half  a  gl'ain,  as  an  antifpafmodic  and 

fedati  ve  in  fpafms  of  the  ftomach,  efpecially  with 

female  patients^     Mr,  Reil  has  given  us  fome 

obfervations  ^m  this  property  of  the  oxide  of 

bifmuth* 
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Concerning  Antimony. 

A.  Ilijiofy. 

« 

1.  Though  there  are  fome  reafons  to  believe 
that  antimony  was  not  entirely  unknown  to  the 
ancients,  but  that  they  gave  it  another  name 

Vol  V.  U  and 
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and  employed  it  in  fome  .sllloys;  it  is  certain 
that  its  diftinflion  as  a  particular  metal,  and  the 
more  profound  inveftigation  of  its  properties, 
are  to  be  attributed  to.  Bafil  Valentin,  who 
flouriflicd  towards  the  end  of  the  fifteenth  cen- 
turj^.  It  was  in  a  firft  work  profeffedly  written 
upon  tlie  fubjeft,  and  entitled  Currus  Trium- 
phqlis  Antintoiiiiy  that  he  recorded  many  dif- 
coveries  relative  to  this  metallic  fubftance,  and 
efpecially  its  fulphuret;  for  it  is  to  be  obferved 
that  the  name  of  antimony  was  given  to  the 
fulphureous  combination  of  this  metal,  which 
was  well  known  before  it  was  underftood  how , 
to  extraft  from  it  the  metal  itfelf.  Kerkringius, 
in  the  feventeenth  centuiy,  commented  upon 
the  treatife  of  Bafil ^  Valentin;  and  his  nu- 
merous notes  contain,  if  not  details,  at  leaft  the 
firft  bafes  of  all  the  difcoveries  that  have  fince 
been  made  upon  tjiis  fubftance. 

^.  No  fubftance  has  been  more  ftudied  than, 
this,  none  has  been  the  fubjecl  of  fuch  numerous 
labours,  and  therti  is  none  concerning  which  fo 
much  has  been  written.  .  We  might  colle6t 
a  library  merely  of  the  treatifes  that  have 
been  written  upon  this  fubjeft.  Tlie  alchemifts, 
who  confidered  it  as  the  fubftance  the  beft  adap- 
ted to  the  fcope  of  their  refearches,  have  be- 
ftowed  immenfe  labours  upon  this  mineral,  and, 
if  I  may  ufe  the  expreflion,  have  tormented  it 
in  every  poflible  niclnncr;  in  another  point  of 
view,  it  offered  great  motives  for  hope  to  the^ 
adepts,  and  many  of  them  expeded  to  find  in  it 
3  the 
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•  •  • 

the  Univerfal  remedy.  It  would  be  difficult  ta 
enumerate  the  'immenfe  number  of  medicinal 
preparations  that  have  been  made  with  the  ore 
and  the  metal  that  are  to  form  the  fubjeft  of 
this  article.  All  perfons  who  occupied  them- 
feives  with  chemiftry,  and  the  healing  art,  enter- 
tained for  a  long  time  exaggerated  opinions 
relative  to  this  fubjeft.  The  one  party  could 
find  nothing  but  excellent  and  powerful  reme- 
dies in  the  antimonial  preparations ;  the  other 
confidered  them  only  as  poifons,  and  thought 
they  ought  to  be  banifhed  from  medical  prac- 
tice. It  was-  difficult  to  remain  indifferent 
with  refpeft  to  fo  important  a  fubftance,  and 
hence  arofe  the  gteat  number  of  experiments 
that  were  made,  and  the  multitude  of  differta* 
tion$  that  were  Written  upon  antimony. 

3.  Lemery  was  the   firft  chemift  who,  pro- 
fiting by  all   the  labours  of  his  predeceffors, 
and  adding  to  them  many  of  his  own,  begin 
to  write  in  a  correal  and  rational  manner  con- 
cerning antimony.     His  Treatife,  publiihed  at 
the  end  of  the  feventeenth  century,  contains 
a  multitude  of  curious*  experiments  arid  exaft 
proceffes   upon  antimony  and    its    fulphuret. 
Mender  has  alfo,  in  an  exprels  treatife,  given  a 
very  complete  hiftory  of  it.     Mangel,  in  hi^ 
Bibliotheque   Chimique,    has   collefted  many 
treatifeS    concerning    the    fulphuret   6f   this 
metal.    Tliere  exift  many  other  particular  aticf 
monographic  treatifes   upon  this    body,    and 
fiiere  ha*  fcarcely  been  any  abte  chemift  who 
.  Us  has 
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Jbas  not  made  fome  particular  inquiri^,  fonie 
nfifcoveries,  or  at  leaft  fome  eflays  relative  to  this 
fubftamre*  GeofFroy  has  inferted  feveral  memoirs 
relating,  to  it  in  the  volumes  of  the  academy. 
Bergman  publiihed,  in  1783,  a  very  well  written 
Differt^tion  concerning  the  numerous  and 
varied  fulphureous  combinations  of  antimony* 
Scheele,  Macquer^  and  RoHcUe  have  alfo  given 
different  proceffes  for  prepaFing  valuable  and- 
monial  remedies.  A  great  number  rf  phyfi- 
cian&  have  invented  and  extolled  particular 
formulas  of  which  this  metal  and  its  fulphuret 
formed  the  bale ;  of  tl>efe  we  may  form  an  idea 
"from  the  Table  of  thefe  remedies,  publiflied 
at  Lnmlon,  in  the  year  1773,  by  William 
Saunders. 

4.  To  thefe  immenfe  fources  are  to  be  added 
the  innumerable  antimonial  preparations,  that 
have  been  defcribed  and  celebrated,  for  even 
more  than  eighty  years  Tpaft,  in  the  phanna- 
copeias,  formularies,  difpenfatories^  all  of 
which  prefent  fome  particular  fads  relative  to 
its  chemical  hiftory,  and  have  had  fome 
influence  upon  the  knowledge  of  the  pro- 
perties of  this  metal.  Though  it  would  6t 
impoffible  as  well  a^  faftidious- and  ufelefs  ttt; 
give  an  exaft  ftatement  of  all  the  difcoveriei 
contained  in  thefe  almoft  innumerable  works, 
we  ought  at  leaft  be  fure  of  over-looking  no 
effential  circumftance  in  methodically  arranging 
the  expofition  of  the  chemical  chara6ters  erf 
antimony;    befides,    we    ihall   fee    that    the 
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thoufands  of  experiments  and  imquiiies  that 
have  been  undertaken  relative  to  this  fulijeft, 
refer  to  a  cwtain  numl^er  of  general  and  lead- 
ing fa^,  none  of  which  fhali  be  neglefted  or 
forgotten  in  this  article.  The  pneumatic  doc- 
trine, by  explaining  with  great  clearnefs  and 
extreme  procifion,  all  the  difcoveries  and  all  the 
preparations  that  appertain  to  this  metal,  has 
grditly  contributed  to  fimplify  its  hiftory ;  and 
the  methodical  nomenclature,  by  giving  exa£l 
ideas  of  all  the  different  compounds  to  which 
it  gives  rife,  has  diffipated  the  obfcurity  in 
which  barbarous,  myfterious,  and  ridiculous 
names  had  involved  this  part  of  ohemi(b*^\ 

B.  Vhyjical  Properties^ 

5.  Antimony  extrafted  from  its  ore  and  in 
aconfiderably  pure  ftate,  or  dug  out  of  the  earth 
which  frequently  affords  it  in  a  native  ftate,  as 
we  fhall  foon  fee,  has  very  diftin6l  and  weli 
charaderized  properties.  It  is  of  a  white, 
pure,  btilliant  colour,  much  refembling  that 
of  filver  or  tin  ;  its  lamellated  texture  is  mani- 
feftly  coihpofed  of  plates  which  feem  to  inter- , 
fcft  each  other  in  every  dUe^lion,  and  which 
have  greatly  enibarraffed  Citizen  Haiiy  in 
diffe&ing  them  in  order  to  determine  its 
Form.  It  frequently  prefents  at  the  furface  of 
thofe  orbicular  cakes,  rounded  arnd-convex  on 
one  fide,  and  flat  on  the  other,  which  we  meet 
with  in  tlie  fliop,  very  perceptible  traces  of 

(Jryftal- 
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.cryftallization,  which  have  b^n  defcribed  as 
herborizations,  fern-leaves,  feathers^  or  ftarry 
rays.  The  alchemifts  placed  a  greater  value 
upon  that  on  which  they  faw  this  ftar  fliine, 
which  they  confidered  as  a  favourable  omen 
for  their  labours.  Its  fpecific  gravity  is  6,70^. 
Citizen  Guy  ton  places  it  in  the  feventh  rank 
with  refpe6l  to  hardnefs,  and  at  the  fide  of 
lead ;  but  it  is  fenfibly  harden"  than  the  latter, 
which  it  eafily  fcratches :  it  has  no  duftility, 
apd  eafily  breaks  under  the  ftroke  of  a  bam- 
mer.  It  may  even  be  reduced  into  a  fine 
powder,  which  is  of  a  grej^-white  colour. 

6.  Its  power  of  conducing  heat,  and  its  di- 
latability  by  this  agent  have  not  yet  been 
determined  with  relatioqi  to  other  metals,  for 
as  it  .is  not  duftile,  it  is  not  neceffary  for  the 
arts  that  this  property  fliould  be  afcertained. 
it  is  not  fufed  until  it  has  been  heated  to 
pcrfe6l  rednefs,  and  it  is  ranked  by  the  che- 
mifts  amongft  the  metals  of  a  middling  fufi- 
bility.  Citizen  Guyton  eftima:tes  a  tempera- 
ture of  345,  according  to  Reaumur's  fcale,  to 
be  fuflicient  for  fufing  it.  When  we  continue 
to  heat  it  after  its  fufion  in  well-clofed  veffels, 
fit  the  moment  when  it  is  of  a  white^red  colour, 
it  rifes  in  vapour,  and  is  fublimed  and  con- 
denfed  at  the  upper  part  of  the  crucible  in 
brilliant  and  manifeftly  cryftallized  laminae. 
If  we  fufFer  it  to  cool  flowdy  after  having  fufed 
it,  and  if,  by  perforating  the  folid  cruft'  which 
forms  at  its  furface,  we  fufFer  the  liquid  por- 
tion 
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tion  to  run  out,  we  find  the  internal  cavity 
left  by  this  decantation  lined  with  pyramidal 
cryftals,  fmall   o6lahedrons,  and   feveral  other 
fecondary  form?  manifeftly  formed  by  oftahe- 
drons  ;  when  it  becomes  entirely  fixed  without 
any   fluid  portion  being  feparated,  it  prefehts 
in  its  fraftures  large  laminse,  which  crofs  each 
other  in  various   diceftions,  and   which,  as  I 
have  already  obferved,  render  it  very  difficult 
to  determine  its  form  :  this  ftru6lure  is  the  moft 
complicated  of  any  that  Citizen  Haiiy  has  yet 
had  occafion  to  obferve.     In  mafles  of  anti- 
mony purified  by  feveral  repeated  fufions,  he 
has  found,  by  attacking  very  fenfible  joints, 
twenty  different  direftions ;  however,  he   has 
difcovered   this  metal  to  be  divifible  in  direc- 
tions parallel  to   the  faces  of  a  regular  o6i;a- 
hedron,  and  at  the^  fame  time  to  thofe  of  a 
rhomboidal  dodecahedron;  and  he  has  found, 
by  adopting  the  moft  probable  hypothefis  of  this 
fpecies  of  undetermined  problem,  that  the  o6la- 
hedron,  compofed  of  an  infinite  number  of  fmall 
regular  oci^ahedrons  connected  by  their  edges, 
each  of  which  was  an  affemblage  of  fix  fmaller 
tetrahedrons  united  by  their  faces,  by  giving 
the  primitive  form,    explains  the    almoft  in- 
finite number  of  joints,  the  one  parallel  to  the 
faces  of  the  regular  tetrahedrons,  and  the  others 
to  the   faces   of    the  tetrahedrons    of  which 
thefe  ai'e  compofed,  which  are  found  in  the 
diffedion  of  this  metal :  fo  that  by  this  dif- 
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fedion,  we  arrive  at  the  double  rcfult  tljat  ha^ 
been  announced, 

7.  Antimony  has  a  very  perceptible  fmell 
and  tafte,  which  are  perceived  when  pieces  of 
this  fubftance  have  been  held  and  rubbed  for 
fome  timg  in  the  hauds^  It  is  to  thefe  proper- 
ties that  phyiicians  afcribe  the  very  decided 
pfFe6ls  which  this  metal  produces  in  the  animal 
economy,  as  an  emetic  and  purgative.  Some 
Jiave,  however,  believed  that  it  producecl  thefe 
pfFefts  only  as  an  oxide,  and  when  it  met  witlj 
^cids  in  the  firft  paflages. 

C.  Natural  Hiftotif. 

8.  Antimony  has  hitherto  been  found  in 
nature  only  in  four  different  ftates;  the  firft 
is  that  of  native  metal;  the  fecond,  that  of 
fulphuret  of  antimony;  the  thi|-d,  hidro-ful- 
phurated  oxide  of  antimony ;  and  the  fourth, 
muriate  of  antimony, 

9.  Ncftive  antimony  >vas  firft  found,  in  174f^ 
at  Sahlberg,  in  Sweden,  by  Anthony  Shwab ; 
Schreiber  difcpvered  jt  after\yard^  ir^  abup4^nce 
in  the  rnine^  of  Altemont,  in  the  province 
formerly  called  Dauphin^,  now  the  Depart- 
ment de  VlJ^r^.  This  na|:ivp  antimony  is 
eafil y  diftinguiihable  by  its  colour,  i^^s  brilliancy, 
its  largp  laminsB ;  foji>etim(?s  \\  is  mixed  with 
arfenic ;  but  this  ought  not  to  be  confidered  as 
^  particular  ore  as  fome  mineralogifts  have  done 

who 
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who  have  deiignated  it  by  the  name  of  white  or 
jirfenical  ore  of  antimony. 

10*  The  fulphuret  of  antimony  is  of  a  grey 
metallic  colour ;  it  foils  the  fingers  like  black 
chalk,  but  its  furface  is  much  more  brilliant, 
and    never  grows    dull  by    fri^ion.      When 
this  ore,    which  is  very  abundant  in  France 
and  Hungary,   is  well  cryftallized,   it  prefents 
fquare  prifms,  (lightly  rhomboidal,  terminated 
by  a  pyramid    with    four   faces,    refembling 
that  of  the  regular  oftahedron.     This  cryftal 
divides    very    neatly    parallel    to     the    two 
jnoft  projedling  or  moft  acute  edges  of  the 
prifni;  in  the  pyramid  the  divifions  are  parallel 
to  the   edges  which  anfwer  to    the   bafes  of 
^he  prifm ;  finally,  by  the  light  of  a  taper,   we 
ife  fome  that  are  parallel    both  to  the  fides  of 
the  prifm,    and  to  its  bafes.      Citizen  Haiiy 
has  not  yet  found  cryftals  fufficiently  complete 
to  afccrtain   the    difference  of  fome    degrees 
pecefTary  for  determining   the  primitive  form 
pf  this  fulphuret     He  only  announces  that  the 
ftru^lure  defcribcd  feems  to  indicate  a  difference 
between  the  fojui  that  has  hitherto  been  found, 
^nd  that  of  the  rcftapgular    prifm,  or  of  the 
cube,  or  of  the  j-eftangular  oftahedron,  which 
are  the  forms  mofl  fg.milar  to  the  metallic  fub- 
ftances.     Miner^^logifts  have  greatly  multiplied 
tlie  varieties  of  the  fulphiifet  of  antimony,  ac- 
cording to  the  arrangement,  the  feparation,  the 
union,  the  volume,  and  even  the  irregularity 
ef  the  prifms  or  needles  of  this  ore :  fuch  are 

tlie 
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the  fpecular  fulphuret  of  antimony,  the  Jiriated^ 
the  needled,  the  Jiellated^  the  lamellated^  the 
chatoyant^  the  coloured,  tlie  irregular.  They 
have  alfo  given  it  fome  names  of  other  ores, 
when  it  is  found  to  contain  certain  metals:  and 
in  faft,  we  frequently  find  in  it  filver  and  iron, 
as  in  that  of  Himmelfurft,  near  Freyberg :  other 
famples  are  more  or  lefs  charged  with  arfenic. 

Amongft  thefe  varieties  v/e  muft  diftinguifli 
that  which prefcnts  bundles  of  very  thin  needles, 
forming  the  tranfition  to  a  capillary  effloref- 
cence,  compofed  of  grey  filky  and  elaftic  fibres ; 
this  is  the  ore  of  antimony  in  a  grey-down, 
which  Baron  Born  juftly  refers  to  the  fulphuret 
of  antimony, 

12.  The  hidro'-fulphurated  oxide  of  antimony^ 
termed  ore  of  antimony  in  red  filaments,  or 
native  ker^mes  and  golden  falphur,  is  found 
in  fine  ihining  filaments,  of  a  deep  and  dark- 
red  colour,  difpofed  in  radii  diverging  from  a 
common  centre,  or  in  a  kind  of  red  incruftation, 
taraiflied,  adhering  to  the  furface  and  in  the 
cavities  of  the  fulphuret  of  antimony;  it 
varies  by  its  caft,  which  is  fometimes  light, 
but-  moft  frequently  brownifh,  and  by  its 
cryftalline  or  mafly  form,  or  crumbly  ftate. 
It  is  now  known  to  l)e  a  natural  combination 
of  oxide  of  antimony,  fulphur  and  fulphurated 
hidrogen  :  it  yields  this  laft  fubftance  in  the 
form  of  gas,  with  effervefcence  and  a  fetid 
odour,  when  it  is  treated  by  the  acids ;  it  will 

be 
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be  better  known  hereafter,  when  I  iliall  explain 
its  artificial  preparation  and  its  properties. 

13.  The  muriate  of  antimony.     This  was  for 
foiQe  time  confidered  as  a  white  oxide  of  anti* 
mony ;  it  i^  found  at  the  furface  of  other  ores 
of  antimony  or  upon  different  gangues,  in  two 
different  forms ;  either  in  re^languiar  laminae, 
of  a  brilliant  and  pearly  white,  divifible  in  a 
direction  parallel  to  the   larger  laminae,    and 
refembling  the  ftone  termed  Stilbite ;    or  in 
fmall  divergent  needles,  analogous  in  appear- 
ance to   the  radiated  Zeolite^    or  to  certain 
tremolites.    It  is  immediately  recognized  by  its 
property  of  fufing  when  expofed  to  the  flame 
of  a  taper,  and  of  emitting  a  vapour,  which 
cond^nfes  and  attaches  itfelf  in  a  white  powder 
to  the  fpoon  in  which  it  is  held.     This  ore  is 
very  little  abundant,  and  it  is  rarely  met  with. 


D,  Affay%  and  Metallurgy , 

14.  Though  it  is  generally  a  matter  of  no 
intereft  to  the  arts  to  know  the  quantity  of 
metal  contained  in  the  fulphuret  of  antimony, 
this  knowledge  is,  however,  frequently  necef- 
fary  in  chemiftry,  and  in  the  operations  belong- 
ing to  feveral  of  the  arts.  There  are  two  pro- 
cefTes  by  which  the  fulphur  is  feparated,  and 
the  metal  obtained  in  a  pure  ftate:  the  one 
confifts  in  flowly  roafting  the  ore  till  the  greater 
part  of  the  fulphur  has  been  difengaged  and 
burning  the  metal  in   a  gentle  fire,  till  it  is 

reduced 
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reduced  into  a  grey  oxide,  ftill  fulphirrated, 
which  ihall  be  defcribed  hereafter;  and  after- 
wards mixing  this  oxide  with  its  weight  of 
black  flux  and  a  fmall  quantity  of  black  foap 
or  oil,  and  heating  it  pretty  ftrongly  in  a 
crucible  till  the  metal  is  well  fufed  and  colle6led 
at  the  bottom  of  this  veflel.  The  black  flux 
ferves  to  reduce  the  oxide  by  its  carbon,  and 
to  take  away  tiie  remainder  of  the  fulphur  by 
its  alkali.  In  the  fecoml  procefs,  which  is 
more  expeditious  and  frequently  more  certain, 
nitre  is  employed,  the  quantity  of  which  is 
proportioned  to  that  of  the  fulphur,  in  order 
that  only  the  fulphur  may  be  burned  ami  the 
tnetal  left  alone.  For  this  purpofe,  eight 
parts  of  fulphuret  of  antimony  in  powder, 
fix  parts  of  tartar,  and  three  of  nitre  are  taken. 
Thefe  three  fubftances,  accurateFy  mixed  and 
pulverized,  are  thrown  by  fpoonfuls  into  a 
large  crucible  furrounded  with  charcoal,  and 
ignited  in  a  furnace  whjch  gives  a  ftrong  heat. 
A  lively  detonation  takes  place  at  each  pro- 
jeftion  ;  the  tartar  forms  black  flux,  by  its  femi- 
combuftion  with  the  acid  of  nitre;  and  the 
fulphur  of  the  fulphuret  of  antimony  being 
burned^  the  metal  i^  fufed  without  being  able 
to  become  oxidated  on  account  of  the  carbon 
of  the  tartar  with  which  it  is  furrounded,  and 
the  liquid  alkali  with  which  it  is  covered  ;  the 
part  of  tlie  fulphur  which  efcapes  the  com- 
buftion,  combines  with  the  alkali  and  forms 
fcoria,  which  fwim  ?it  the  top  of  the  metaU 

The 
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The  whole  is  poured  into  a  greafed  and  well 
heated  iron  cone,  then  agitated,  by  ftriking 
theiides  of  the  cone,  in  order  to  collet  the 
antimony  at  the  bottom  of  this  veflel,  and 
\^hen  it  is  fufliciently  cooled,  it  is  extraded 
in  a  button  generally  marked  at  its  furface  with 
Beedles  difpofed  in  the  form  of  a  ftar.  This 
ftar  proceeds  from  the  circumftance  that  as  the 
cooling  commences  at  the  fides,  the  fluid  is 
thrown  from  the  centre  to  the  circumference. 
However,  this  cryftallization  can  take  place 
only  in  the  fmall  buttons  of  antimony :  in  the 
larger  maifes^  fuch  as  the  cakes  which  are  fold 
in  commerce,  the  fluid  fubftance,  being  cafl 
into  flat  moulds,  experiences  an  undulation  in 
feveral  parts  at  the  fame  time,  and  affunves 
feveral  centres  of  cryftallization ;  fo  that  in- 
fiead  of  a  ftar,  we  find  imprcflions  refembling 
fern-leaves.  Moreover,  Reaumur  has  fliown 
that  a  fudden  refrigeVation  prevents  the  ftar- 
like  cryftallization,  and  that  only  the  half  of 
this  ftar  is  obtained  when  one  of  the  fides  of  the 
cone  is  fuddenly  cooled.  Though  the  fulphuretof 
antunony  contains  nearly  three  quarters  of  its 
weight  of  metal,  it  is  not  obtained  entire,  becaufe 
part  remains  in  oxide  combined  with  the  ful- 
phur  and  alkali  in  the  fcoria.  Accordingly, 
thefe  are  very  much  compounded,  as  we  find  in 
them,  by  an  exa6l  analyfis,  undecompofed  nitre, 
charcoal,  fulphate  of  pot-afli,  hidrogenated 
fulphuret  of  pot-aih,  with  fulphurated  and  hidrc* 
genatcd  oxide  of  antimony. 

15.  Berg- 
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13.  Bergman,  in  his  Differtatioti  on  the  liuinid 
analyfia,  gives  difFerent  J)rocefl€S  for  aflayhig 
.  the  different  fpecies  of  ores  of  antimony.  Th€ 
-  native  metal  ought,  according  to  him^  to  be 
trea^d  with  the  nitric,  or  rather  the  conceii* 
trated  nitrous  acid,  and  reduced  into  oxide,' 
the  weight  of  which  ferves  to  determine  it* 
quantity  and  purity.  The  fulphuret  atfayed  by 
the  nitro-muriatic  acid  gives  the  fulphur  fepar- 
ated  upon  the  filtre.  The  metal  oxidated  and 
diffolved  in  the  mixed  ackl  being  treated  again 
with  concentrated  nitrous  acid  which  iS  made 
to  boil,  is  depofited  irt  the  ftate  of  oxide.' 
The  ores  of  antimony  which  contain  arfenic, 
yield  the  latter  feparated,  and  flioW  its  propor* 
tlon,  when  we  caufe  them  to  boil  flightly  in 
the  nitro-muriatic  acid,  in  order  to  feparate  the^ 
fulphur  from  them ;  when  we  treat  the  folution 
which  contains  the  antimony  and  arfenic  with 
concentrated  nitric  acid  which  is  brought  to 
ebullition,  the  oxide  of  antimony  then  becomes 
precipitated  alone,  and  is  colle6led  upon  the 
filtre ;  by  evaporating  the  liquor  we  obtain  the 
arfenic  in  the  ftate  of  arfenic  acid ;  laftly,  the 
fame  chemift  recommends  us  to  employ  the  cauf- 
tic  fixed  alkali,  whichj  he  fays,  difiblves  the  ful- 
phur and  the  antimony,  and  feparates  the  filver 
or  the  other  metals,  which  are  not  foluble  ill' 
it  The  laft  mentioned-  procefs  is  adapted  ta 
t4ie  cafes  of  ores  of  ftutimpny  mixed  with  oihet 
metallic^  fubfiatices. 

16.  The 
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16,  Operations  in  the  large  way,  or  the 
metallurgy  of  the  ores  of  antimony,  are  applied 
only  to  the  fulphuret  of  this  metal :  not  to 
obtain  the  metal  from  it;  for  this  extratlion  is 
performed  only  in  particular  works  far  from 
the  mines ;  and  in  general  the  fulphuret  of 
antimony  is  employed  more  abundantly  and 
raore  frequently  than  its  metal  Accordingly 
the  working  in  the  large  way  confifts  only  in 
the  purification  and  a  fort  of  refining  of  this 
ore,  for  the  purpofes  of  feparating  it  accurately 
from  its  gangue  and  aftbrding  it  pure  to  the 
arts  in  which  it  is  employed.  With  this  view, 
a  large  crucible,  or  earthen  pot,  is  placed  in 
the  ground,  in  fuch  a  manner  that  its  fides  are 
upon  a  level  with  the  furface,  or  a  little  elevated 
above  it :  this  is  a  fort  of  receiver ;  upon  the 
firftpot  a  fecond  is  placed,  perforated  at  the 
bottom,  which  enters  into  the  upper  part  of 
the  firft  and  clofes  it  pretty  exaftly  :  this  upper 
crucible  is, ,  therefore,  entirely  out  of  the 
ground  ;  into  this  latter  the  ore  which  is  to  be 
purified  is  introduced,  broken  into  fragments; 
it  is  covered  with  a  lid ;  then  furrounded  with 
coals,  and  the  fire  lighted,  which  is  at  firft 
made  very  gentle,  and  gradually  augmented ; 
the  fulphuret  of  antimony  runs  through  the 
holes  with  which  the  upp^r  crucible  is  per- 
forated, is  colle6ied  in  the  crucible  that  is  buried 
in  the  ground,  and  there  becomes  fixed  by  cool- 
ing. Some  other  fufible  fubftanccs  alfo  pafs^ 
and  form  fcoria  above  the  fufed  ore.       This 
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fulphuret  is  afterwards  extraded  in  cakes  that 
have  affumed  the  figure  of  the  pot,  and  the 
mafs  of  which,  being  throughout  cryftallinCj 
is  needled  or  ftriated  in  the  interior  parts*  This 
istheftate  in  which  it  is  met  with  in  commerce. 
As  the  mineral,  purified  in  this  manner,  is 
ufed  in  making  a  great  number  bf  chemical 
and  pharmaceutical  preparations ;  as  it  has  been 
employed  in  thefe  preparations  much  more  fre- 
quently even  than  the  metal,  I  fhall,  in  each  of 
the  following  articles,  treat  with  each  of  the 
agents  of  which  the  action  will  be  there  exa- 
mined, both  of  Antimony  as  well^  the  fulphuret 
of  antimony,  in  order  to  prefent  a  more  com- 
plete and  more  methodical  hi  (lory  of  the  pro- 
perties of  this  metal  and  of  its  ore. 

E.  Oxidabilitt/  by  the  Air. 

17.  An  tr  MO  NY  is  one  of  the  moft  cont- 
buftible  metals,  and  unites  moft  fpeedily 
and  moft  ftrongly  with  the  atmofpheric  oxi- 
gen.  In  the  cold,  it  experiences  no  fenfrble 
alteration  from  expofure  to  the  air;  but  wheil 
it  is  kept  fufed  in  contaft  with  it,  a  M'hitc 
fmoke  arifes  which  foon  falls  down  upon  the 
furface  of  the  metal,  or  attaches  ttfelf  to  the 
upper  part  of  the  crucible,  cryftallizing  there 
in  the  form  of  long  and  very  flender  pjr ifms 
or  of  white  Ihining  needles.  This  fublimed 
and    cryftallized  oxide  was    formerly  termed 
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urgeniint  JlowerSy  OT  fiww  ofregulus  of  antu 
mony.     When  we  wifli  to  prepare   a   certain 
quantity  of  it,  we  place  a  crucible  filled  with 
antimony  obliquely  in  a  good  fufnace,  in  fuch 
a  manner  that  the  mouth  of  the  crucible  is 
upon  a  level  with  the  interior  orifice  of  the 
hearth ;  upon  the   firft  a  fecond    crucible   is 
adapted,  fupported  obliquely  and  a  little  higher 
than  the  formei",  fo  as  to  ferve  as  a  receiver 
in  this^  kind  of  fubliming  apparatus.     Thefe 
two  veffels  which  are  luted  together  with   a 
little  loam  are  not  fufficiently  clofed  to  pre^ 
vent   the    air  from  penetrating  into  the    in- 
terior fpace.    The  metal  becomes  oxided,  burns 
^nth  conliderable  violence  and  is  at  the  fame 
time  v'olatilizcd,  fo  that  its  oxide  being  received 
into  the  exterior  crucible,  is  condenfed  in  it, 
and  attaches  itfelf  to  it  in  long  and  beautiful 
cryftalline  needles,  of  a  brilliant  whitenefs,  and 
poffeffing  a  femi-tranfparency,  of  a  vitreous  ap* 
pearance*     A  part  of  this  oxide  is  pulverulent; 
it  is  detached  by  flightly  fhaking  out  the  cru* 
cible  which  contains  it  upon  paper.     The  an^ 
timony  is'  found   to   have  gained   more  than 
twenty  per  cent. 

18.  If,  inftead  of  treating  the  antimony  in 
the  manner  that  has  juft  been :  defcribed,  it 
be  heated  very  ftrongly  and  to  whitenefs  in 
a  crucible,  and  afterwards  agitated  or  ihaken 
in  contaft  with  the  air,  it  inflames  with  a  fort 
of  explofioti,  prefents  while  burning,  a  white 
light,  and  exhales  into  the  air  the  white 
Vol.  V  X  oxide 
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Oxide  which  it  ufually  yields.     This  property  is 
tlfo  obftrved  in  treating  antimony  in  the  fmall 
way  AYith  the  blow-pipe.  If  when  it  i^  well  fufed 
upon  chqrcoal,  and  at  the  nooment  when  its  fur- 
face  is  not  covered  with  any  particle  of  oxide, 
we  throw  it  fuddenly .  upon  the  ground,  the 
globule*  into  which  it  divides  in  its  fall  burn 
with  a  very  lively  flame,  and  throw  out  on  all 
fides  brilliant  fparks  which  laft  for  fome  time  ^ 
when    we  afterwards  examine  thefe  globules 
which  have  been  inflamed  by  rapidly  abforbing 
and  ftrongly  foUdifying  the  atmofpherical  oxi- 
gen,  we  find  them  covered  with  a  white  pow- 
der, or  having  depofited  a  light  circle  of  this 
oxide  upon  the  place  where  they  reft,  or  where 
they  have  cooled.     This  pretty  experiment  we 
have  from  Citizen  Gillet,  member  of  the  coun- 
cil of  mines. 

19.  The  white  oxide  obtained  by  the  flow  or 
rapid  combuftion  of  antimony,  either  cry  ftallized 
or  pulverulent,  approaches  to  the  nature  of  an  acid 
fubftance.  It  is  fapid,  a  little  foluble  in  water; 
it  is  eafily  reduced  by  carbon;  it  remains  fixed 
in  the  fire  ;  and  it  fufes  at  a  high,  temperature 
into  a  glafs  of  a  clear  hyacinth  colour.  It  is 
employed  for  colouring  glaffes  with  an  orange 
or  faffron-yellow  tinge. 

CitiiseBi  Thenars,  in  his  interefting  refearches 
relative  to  the  oxides  of  antimony,  has  found 
that  this  retain Ss  0,20  of  oxigen,  that  it 
is  eafily  reduced,  even  without  any  additi(», 
and  that  by  pperating  in  a  tube  of  porcelain 

we 
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l^e  may  obtain  the  metal  by  the  mef6  aftion  of 
the  fire ;  that  if  we  heat  it  ftrongly  and  caii* 
tioufly  in  a  ci'ucible,  it  paffes,  as  it  becomes 
fucceffively  dlfoxided,  firft  into  the  (late 
of  a  yellow  oxide  eafily  fu(ible  into  glafs, 
containing  0,19  of  oxigen,  then  into  the 
orange»-coloured  oxidcj  containing  0,18  of 
tliis  principle ;  afterwards  into  chocolate  browil 
oxide,  chai*ged  with  0,16  of  oxigen  J 
and  laftly,  that  it  arrives  at  the  ftate  of  black 
oxide,  containing  only  0,02  of  oxigen,  be*» 
fore  it  re-aflumes  the  metallic  ftate*  Thefc 
different  oxides  are  of  great  importance  to  be 
known,  on  account  of  their  relation  with  feve* 
Tal  antimonial  combinations  that  will  be  de« 
fcribed  hereafter. 

20.  The  fulphuret  of  antimony,  heated  upOtt 
charcoal,  with   the   blow-^pipe,  is  fufed,  runs, 
exhales  a  white  fmoke  which  attaches  itfelf  to 
the  coal  in  a  powder  of  the  fame  colour,  and  at 
kft  penetrates  the  fubftance  which  fupports  it, 
a&d  dtiappears  leaving  a  white  circle  round  the 
place  where  it  has  been  abforbed.     When  thi:^ 
falphuret  is  expofed  in  the  ftate  of  a  fine  pow- 
der to  a  flow  fire,  upon  an  earthen  plate,  fo  a5 
to  have  much  conta6l  with  the  air,  and  fre* 
quently  agitated,  it  in  converted  after  the  ap-* 
plication  of  the  fire  has  been  continued  about 
fifteen  or  eighteen  hours,  into  a  greyifli  pow- 
der, frequently  mixed  with  particles  that  are 
ftili  brilliant,  and  which  eafily  forms  foft  lumps 
when  it  is  heated  a  little  more  ftrongly.    This 
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powder  which  was  formetty  termed  grey  calx 
of  antimony^  and  2it  \)refetit  grey  fulphurated 
oxide  of  antimony^  is  oxidated  antimony  that 
has  loft  the  greater  part  of  its  falphtir.  The 
fulphuret  when  converted  into  this  fpecies  of 
oxide,  is  diminiflied  in  the  proportion  of  be- 
tween twenty  t^vo,  to  twenty  three  parts  in  a 
hundred.  Bergman  admits  that  it  contains,  in 
a  hundred  parts,  about  five  parts  of  fulphur,  fa 
that  the  grey  fulphurated  oxide  of  antimony 
feems  to  conlift  of  about  0,78  of  antimony,  0,16 
of  oxigen,  and  0,06  of  fulphur.  This  oxi- 
dation, and  defulphuration  of  the  fulphuret 
of  antimony  affords  a  Hilphureous  fmell,  and 
raifes  into  the  atr  a  fmall  quantity  of  oxidated 
antimony  ;  when  the  operation  is  performed 
upon  a  large  quantity  of  the  fubftance,  this 
vapour  is  pernicious,  at  leaft  unlcfsit  be  per- 
formed under  a  chimney  that  has  a  good 
draught.  The  ancient  chemifts  fuppofed  the 
exiftence  of  fome  arfenical  matter  in  the  ful- 
phuret of  antimony  ;  but  it  produces  this  effe6i 
by  the  peculiar  nature  of  its  oxide. 

21.  When  we  heat  the  grey  fulphurated  oxide 
of  antimony  rapidly,  and  with  the  aid  of  a 
ftrong  bellows,  it  is  fufed  in  the  fpace  of  feme 
minutes  into  a  beautiful  tranfpai'cnt  glafs  of  a 
hyacinth  colour.  This  is  the  glafs  of  antiniony 
of  the  ancient  chemifts,  the  tranfparent  vitreous 
fulphurated  oxide  of  the  fyftematic  nomencla- 
ture. It  is  to  be  remarked  that  when  the  oxi- 
dation and  the  roafling  of  the  fulphuret  has 
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been  continued  till  all    its   brilliancy  has  dif- 
appeared,  and  till  it  is  whitened  or  approaches 
to  whitenefsj  mc  have  only  an  opaque  fcoria; 
Avhich  fliows  that  the  prcfence  of  fome  hun- 
dredths of  fulphur  is  requifite  to  the  preparation 
<3f  this  glafs.     Accordingly,  in  order  to  give  it 
its  tranfparency  and  beauty,  it  is  fufficient  to 
add  to  it  a  little  fulphur  or  fulphurct  of  anti- 
mony,   which    even   greatly    accelerates     the 
fufion.     When,  on  the  contrary,  we  heat  the 
grey  fulphurated  oxide  of  antimony  \vith  twictf^ 
its  M^eight  of  black  flux,  or  ftiil  better  with  a 
mixture  of  one  part  of   white  flux,    and  one 
part  of  tartar,  in  a  crucible,  with  a  good  fire, 
for  fome  minutes,  we  obtain  0,78  or  0,79  of 
pure   antimony.        I  have   already    indicated 
this  procefs  in  the  defcription  of  the  aflays  of 
this  ore. 

22.  In  ordei'  to  prove  the  nature  of  the  glafs 
of  antimony  by  fynthefis,  Bergman  combined 
oxide  of  antimony  immediately  with  fulphur, 
in  the  proportion  of  eight  parts  *of  the  firft, 
and  one  of  the  fecond  ;  by  fufing  this  mixture 
in  a  crucible,  with  the  blaii  of  the  bellows,  he 
obtained  real  vitreous  and  tranfparent  ful- 
phurated oxide  of  antimony.  He  has  remarked 
that  by  fufing/ for  the  fame  fpace  of  time, 
about  jfeven  minutes,  two  parts  of  oxide,  and 
one  part  of  fulphur,  the  fulphur  was  volatilized, 
and  that  the  fulphur  being  thus  f ufed,  and 
ftiblimed  with  a  ftrong  fjrp,  carried  with  jt  the 
P^ide  of  antimony;   that  four  parts  of  oxide 


y 


310  ANTIMQNTf 

with  one  of  fulpliur  gave  a  black,  and  a$  H 
were  fibrous  niafs,  whilft  fixtepn  parts  of  oiscide, 
find  on^  of  fulphur  yielded  a  greenifli  glafs. 
He  adds,  as  a  charafter  of  tbe  glafs  of  anti- 
mony, that  when  heated  with  the  muriatic  acid, 
it  exhales  fulphurated  hidrogen  gas^  He  pro^ 
pofes  with  reafon  to  prepare  the  glafs  of  anti-^ 
mony  for  pharmaceutical  purpofes,  by  com- 
bining th^  oxide  of  antimony  with  the  fulphur 
in  the  firft  proportion  that  has  here' beep  in-^ 
dicated,  in  order  to  have  this  preparation  con- 
ftant,  H^  has  taken  for  his  experiments  the 
oxide  of  an^^imony  formed  by  means  of  nitre ; 
but  it  is  to  be  remarked  that,  that  which  is 
the  produ^  of  oxidation  in  the  air  is  affeftcd 
very  pearly  \x\  t}ie  fame  maimer  as  the  for- 
pier. 

V 

p.  Vnioxk  y^h  the  Combiifiible  Subflance^' 

23,  It  is  not  known  whether  there  exifts  any 
combination  between  antimony  and  azote,  hi- 
drogen and  carbon,  which,  amongft  the  combuf- 
tible  bodies,  have  yet  ihown  but  very  little  ji6lion 
upon  moft  of  the  metallic  fubftancesr  Carbon 
a^s  with  much  energy  upon  the  oxicJe  of 
antimony,  deprives  it  of  its  ox^igen  at  a  red 
heat  and  reduces  it.  The  hidrogenated  com- 
pounds, or  tjie  carbonated  hidrogenous  fub- 
llances,  the  oiU,  the  j^^m%  the  fats,  p|X)duce 
the  fame  eifeft  upon  this  oxide  at  a  very  high 
temperature,  and  caufe  it  to  retura  into  the 
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metallic  (hite.     This  operation  has  however  al-' 
Ways  been  confidered  as  difficult.     It  has  been 
faid  that  it  fucceeds  only  in  part,  and  that  but 
very  little  well-reduced  ^ntimony  is  obtained. 
In  fad,  the  ttiafs,  after  having  been  ftrotigly 
heated,  frequently  remains  in  the  ftatc  of  a 
black,  fpdngy,  inflated  fcoria,  and  this  fcoria 
is  commonly  pyrophoric  ;  it  inflames  and  bums 
^ith  rapidity,  like  a  fire-work,  when  the  mat- 
ter contained  in  this  veflel  is  ftirred  with  an 
iron  rod.     However  the  experiments  of  Citi- 
zen Thenars  have   rendered  thefe  phenomena 
eafy  to  be  accounted  for ;  it  appears  that  the 
Carbon'  oppofes  the  fufion  of   the  antimony, 
that  its  white  oxide  returns  into  the  ftate  of 
Mack  oxide,    and  remains  in  this  ftate  in  a 
light  and  fcorified  form,  in  which  it  is  generally 
pyrophoric. 

24.  Antimony  unites  very  well  with  phof* 
pborus.  Pelletier,  who  is  the  firft  who  has 
occupied  himfelf  with  the  preparation  and  the 
properties  of  the  metallic  phofphorets  haS 
formed  that  of  antimony  in  three  ways,  either 
by  heating  one  part  of  vftreous  phofphoric  acid 
with  one  part  of  antimoiiy,  and  an  eighth  of 
carbon,  or  by  fufmg  equal  parts  of  this  vi* 
trifled  acid  and  antimony  in  powder  With- 
out carbon,  or  by  throwing  phofphoras  upon 
the  metal  in  the  fufed  ftate,  in  a  crucible.  The 
fecond  of  thefe  procefles  proves  that  antimony 
heated  to  rednefs  has  more  attraftion  for  oxi* 
gen  than  phofphorus  has,  as  the  phofphuret  of 
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g,ntimoiiy^  which  is  formed  in  this  cafe  cannot 
be  formed  without  the  acid  glafs  being  decom-f 
pofed~  and  unburneid  by  the  metal.  By  every 
one  of  tljefe  three  pieans,  Pelletier  has  obtained 
^  brilliant  metallic  phofphuret,  brittle,  of  a  la? 
mellated  frafture  with  fmall  fquare  facets,  fimiT 
lar  and  equal  in  three  proceffes.  This  phof- 
phuret, when  placed  upon  a  well-ignited  coal, 
is  fufed,  yields  a  fmall  green  flame,  and  exhale? 
white  oxide  of  antimony,  Pejletier  bbferves, 
that  this  phofphorated  combination  refembleij 
that  of  arfenic'  with  th^  fame  metal,  in  the 
form  of  its  fmall  facet;?.  It  appears  that  it  isj 
more  fufibl^  than  antimony.  This  combina? 
tion,  like  all  thofe  of  the  metals  witb  phof- 
phorus,  has  yet  been  only  touched  upon,  o? 
but  very  ilightly  examined,  and  it  merits  all 
the  attention  of  chemifts. 

25.  Antimony  combines  eafily^  with  fulphur, 
^nd  forms,  by  this  artificial  combination,  s^ 
fulphuret  of  antimony  perfe6lly  fimilar  to  that 
which  exifts  in  nature.  On  fufing  the  mix-r 
ture,  we  perceive  that  it  is  jnuch  more  fufible 
than  the  metal  itfelf;  that  this  abforbs  only  a 
little  more  than  a  cjuarter  of  its  weight  of  ful- 
phur ;  that  it  affumes  the  prifmatic  or  needled 
form,  and  the  brilliant  grey  colour,  inftead 
of  the  lamellated  texture  and  the  white  colour 
which  it  had  before.  We  may  bring  this  arti-^ 
ficial  fulphuret  of  antimony  to  cryftallize  like 
Jhe  natural  one,  by  caufmg  it  to  cool  flowly, 
and  by  fcparating  the  portion  which  is  ftill 
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liquid ;  in  other  refpefls  it  afls  in  all  expe- 
riments like  the  native  lulphuret  of  antimony, 
and^  might  be  employed  and  prepared  for  the 
fame  ufes,  if  nature  did  not  afford  it  in  great 
abundance. 

26.  Antimony  combines  eafily  with  many  me- 
tallic fubftances.  In  general,  its  alloys  are  la- 
Hiellated  and  brittle.  Amongft  the  metals  that 
have  hitherto  been  examined,  we  only  know 
the  combination  of  antimony  with  arfenic  and 
bifmuth.  We  know  that  thefe  alloys  have 
fmall  facets,  that  they  are  very  brittle,  very 
hard,  and  eafy  to  be  fufed*  Thofe  which  it 
forms  with  tungften,  molybdena,  titanium,  ura- 
rium,  nickel,  cobalt,  and  maganefe,  have  not 
yet  been  examined.  Thefe  metals  have,  for 
the  greater  part,  been  too  little  examined 
hitherto  for  it  to  be  poffible  to  determine  with 
precifion  their  combinations  with  each  other, 
^r  with  other  mietallic  fubftances. 

27.  As  little  has  the  aftion  been  yet  appre- 
ciated which  various  combuftible  bodies,  efpe- 
<Hally  hidrogen,  carbon,  and  phofphorus,  exert 
Upon  the  fulphuret  of  antimony.  Sulphur  can- 
not aft  upon  it,  as  the  metal  is  already  fatura- 
ted  with  it  in  this  combination.  However  we 
ftall  fee  hereafter  that  by  adding  fulphur  in 
fome  combinations,  the  properties  of  the  re- 
fultihg  compounds  are  (Ingularly  modified. 
Several  metals,  amongft  thofe  which  remain 
to  be  examined,  poffefs  the  property  of  tak- 
bg  away  the  fulphur  from  antimony  in  a  red 

lieat, 
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heat,  and  of  decompofing  its  fulphuret,  as  will 
be  fliown  in  the  hiftory  of  thefe  metals.  The 
alchemifts  formerly  made  great  ufe  of  this  pro^ 
perty,  and  placed  great  confidence  in  M^hat 
they  termed  the  Regulus^  or  the  alloyed  anti- 
mony,* proceeding  from  this  operation. 

28.  It  has  already  been  proved  (No.  22.)  ac* 
cording  to  the  experiments  of  Bergman,  that 
the  oxide  of  antimony,  heated  and  fufed  with 
fulphniv  forms  vitreous  compounds  more  or  left 
of  a  hyacinth  colour,  which  refemble  the  glaft 
of  antimony.  We  fhall  here  add,  that  in  thcfe 
combinations,  fulphurated  hidrogen  gas  is  pro- 
duced, which  unites  with  the  oxide  and  the  fuK 
phur,  fo  that  thefe  compounds  are  hidro-fulphu* 
rets,  or  hidro- fulphurated  fulphurets.  This  pro- 
ceeds either  from  the  circumftance  that  theoxide 
which  Bergman  advifes  us  to  take  retains  a  little 
water  ;  for  he  recommends  it  to  be  well  w^ed, 
and  we  ihall  fee  hereafter  for  what  reafon ; 
or  that  the  combination  abforbs  atmofpherical 
water,  and  dccompofes  it :  the  latter  fa6k  indi- 
cates that  the  oxide  of  antimony  here  a6ls  after 
the  manner  of  the  alkalis.  The  Swediili  che- 
mift  obferves,  that  the  glafs  of  antimony,  pre- 
pared in  this  manner  by  fufion,  yields  fulphur- 
ated hidrogen  gas  when  it  is  heated  with  the 
muriatic  acid,  whilft  a  fimple  mixture  not  fufed, 
but  merely  triturated,  of  the  oxide  of  anti- 
mony and  fulphur,  does  not  yield  gas  by  the 
aQion  of  this  acid.     The  union  between  the 

two 


two  fubftances,  efFe6led  by  fufion,  is  therefore 
neceffary  to  the  decompofition  of  water. 

29*  We  have  alfo  feen  (No.  22.)  that,  ac- 
cording to  the  proportions  of  oxide  of  anti- 
jnony  and  fulphur,  which  we  combine  by  fu- 
fion, we  obtain  different  compounds.  I  ought 
here  to  add,  according  to  Bergman,  (Experi- 
ment 36,  in  his  Differtation  on  the  Sulphurated 
Antimonials)  that  by  heating  in  a  crucible  equal 
parts  of  oxide  of  antimony,  retaining  a  little 
water,  according  to  his  method  of  preparing  it^ 
and  fulphur,  with  a  gentle  fire  raifed  only  to 
the  degree  neceffary  for  fufmg  or  (lightly  foften-- 
ing  the  mixed  mats,  a  brown  compound  is  ob- 
tained, analogous  to  the  preparation  known  by 
the  name  of  Ketines  Miner alj  of  which  I  flmll 
fpeak  hereafter.  Here,  ftill  more  than  in  the 
Artificial  Compofition  of  the  Glafs  of  Anti'^ 
Wny^  which  has  ,been  fpoken  of  in  Nos.  93 
and  28,  fulphurated  hidrogen  is  formed,  which 
enters  into  the  combination ;  for  the  Kermes 
contains  more  of  this  fubftance  than  the  glafs 
of  antimony.  By  the  explanations  that  will  be 
given,  this  iimple  enunciation  will  foon  be  com- 
prehended. 

30,  A  combination,  very  analogous  to  thefe 
hidro-fulphurets  of  antimony,  is  effefted  by  a 
procefs  which  had  efcaped  the  fagacity  of  Berg- 
man, and  which  Citizen  Berthollet  has  lately 
applied  to  great  advantage,  though  it  has 
hitherto  been  feen  and  indicated  but  in  a  vague 
ji^^ncr  hy  moft  chemifts.     Whenever  the  oxide 

of 
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of  antimony  is  treated  with  an  alkaline  lulphu- 
ret,  or  with  an  hidro-fulphurel,  fuch  as  water 
charged  with  fulphurated  hidrogen,  this  oxide 
unites  with  the  hitter,  and  at  the  fame  time 
with  a  greater  or  lefs  quantity  of  fulphur,  foas 
to  form  compounds  more  or  lefs  of  an  orange  or 
brown  colour,  in  which  the  antimonial  ox- 
ide and  the  fulphurated  hidrogen  are  the  com- 
mon elements,  but  which  vary  from  each  other 
in  a  very  great  number  of  proportions, .  fol- 
lowed by  gradations  very  much  diverfified  in 
all  their  properties.  As  thefe  compounds 
will  come  to  be  treated  of  more  in  detail, 
under  the  article  relatins^  to  the  treatment 
of  antimony,  and  its  fulphurets  by  the  al- 
jkalis  and  by  nitre,  I  here  indicate  only  the 
exiftence  of  thefe  compounds,  and  their  form- 
ation by  the  immediate  union  of  fulphurated 
hidrogen,  and  the  hidrogenated  fulphurets, 
%yith  the  oxide  of  antimony, 

ABiori  upon  Water  and  the  Oxides, 

31.  Tn^  reciprocal  action  of  water  and  anti- 
mony has  not  yet  been  fufficiently  examined  : 
in -the  cold,  thefe  two  fubftances  produce  no 
fenfible  efFe6l  upon  each  other  ;  but  the  fame  is 
iiot  the  cafe  when  the  antimony  is  heated  to 
rednefs  and  fufed.  It  cannot  be  doubted  that  in 
this  cafe  the  metal  decompofes  the  w^ater ;  it  has 
ijot  been  pra^icable  to  perfomi  this  experiment 
in  an  immediate  manner,  becaufe  it  is  accom- 
panied Avith  a  very  dangerous  detonation  and 

fulmination 
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fulmiuation.     Cheinifts  have  frequent  opportu- 
nities  of    obfcrving  this    fulguration,    which 
takes    place   whenever    fufed    antimony  is  in 
contaft  >vith  water  :  in  tw;o  of  thcfe  accidents, 
both  of  which  might  have  killed  or  grievoufly 
wounded  the  operators,  I  remarked  a  very  bril- 
liant white  flame.     I  have  no  doubt,  therefore, 
that  the  M^ater,  at  a  high  temperature,  is  de- 
compofed  by  the  antimony,  and  that  the  lat- 
ter burns  by  the  oxigcn  Mhich  it  takes  away 
from  it ;  and  we  fhall  foon  fee  that  the  fame  de- 
compofition  takes  place  in  the  cold  or  in  a  flight 
heat,  under  a  multitude   of  circumftances,  in 
which  the   antimony  is  aififted  by  the  addition 
of  feveral  other  bodies. 

32.  Though  the  adion  of  the  fulphuret  of 
antimony  upon  water  has  not  yet  been  ftudied, 
many  facls  concur  to  prove  that  it  exerts  a  more 
or  lefs  marked  action  upon  this  liquid,  and  that 
it  takes  from  it  its  oxigen,  even  at  tempera- 
tures confiderably  low,  provided  it  be  aififted  by 
the  fimultancous  aftion  of  the  acids  or  the  alka- 
lis*  It  is  this  a<Sion,  the  knowledge  of  which 
was  unfortunately  wanting  to  Scheele  and  Berg- 
nian,  which  would  have  enabled  them  to  dif- 
cover  ftill  more  important  trutlis  than  thofe 
which  we  already  owe  to  their  genius,  and 
which,  as  we  ihall  fee  in  the.  fubfeqiient 
numbers,  renders  it  much^  more  eafy  and 
fimple  to  comprehend  and  explain  feve- 
ral phenomena  which  they  obferved  qmd  de- 
fcribed,  relative  to  the.antimoniated  prepara- 
tions. 
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limed:  there  then  remains  white  oxide  of  au-> 
timony  in  the  veffel.     If  we  do  not  urge  the 
application  of   the  heat  to  drynefs,  we  have 
a  white,  foft,  and  humid  mafs  in  the  crucible  j 
when  we  wafli  this  mafs  with  water,  the  liquid 
takes  up  the  acid  united  with  a  fmall  portion  of 
antimony,  and  leaves  a  large  quantity  of  white 
oxide  undiffolved ;  a  large  quantity  of  water 
added  to  this  folution  precipitates  from  it  alfa 
the  fmall  quantity  oF  oxide  which  it* contains; 
w^hen  it  is  evaporated,  it  becomes  turbid  with- 
out affording  any.  real   cry ftallized  fait.     The 
eartlis  and  alkalis  decompofe   it,  and  precipi-' 
tatefrom  it  a  white  oxide,  which  is  difficult  to 
be  reduced  by  carbon,  according  to  the  tefti^ 
mony  of  moft  chemifts-    There  exifts,  therefore^ 
tio  real  fulphate  of  antimony,  and  the  metat 
though  very  oxidable  by  the  boiling  fulphuric 
acid,  is  not  foluble  in  this  acid,  fo  that  it  afte 
almoft  as  if  it  had  itfelf  affumed  the   eharac-* 
ter  of  acid. 

37.  The  fulphuret  of  antimony  is  fcarcely  at** 
tacked  by  the  fulphuric  acid  ;  when  this  acid  is 
boiling,  it  effervcfces  with  the  mineral  •  much 
fulphureous  acid  gas  is  difengaged,  but  noful- 
phurated  hidrogen  gas  ;  there  is  no  more  oxide 
of  antimony   in  folution  than   in  the  preced- 
ing cafe;  the  fulphur,  mixed  with  the  oxide  of 
antimony,  remains  at  the  bottom  of  the  liquid; 
accordingly,  this  cannot  be  a  procels  proper  for 
analyzing  the  fulphuret  of  antimony,  and  fepa- 
rating  the  fulphur  from  the  metal.     The  oxide 

of 
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of  Antimony  by  fife,  the  grey  fulphurated  ox- 
ide, and  the  glafs  of  antimony  are  fcarcely  at- 
tacked by  the  fulpihuric  acid.  When  we  caufe 
it  to  boil  upon  the  coloured  hidro-fulphiirated 
oxides,  that  have  been  treated  of  in  Nos.  22, 
28,  29j  and  30,  a  fmall  quantity  of  fulphurated 
hidrogen  gas  is  difengaged,  without  taking  up 
the  oxide  and  reklly  feparating  it  from  the  ful- 
phar. 

38.  The  fulphureous  acid  exerts  no  afiion  in 
the  cold  either  upon  antimony  or  the  fulphu- 
ret  of  antimony;  in  heat  it  appears   that  this 
acid  is  decompofed,  that  the  metal  is  oxidated, 
and  that  a  fulphurated  fulphite  of  antimony  is 
formed.     The  fulphureous  acid  takes  the  ox^ 
idc  of  antimony  from  feveral  of  its  folutions, 
and  efpeci ally  from  that  by  the  muriatic  acid  ; 
it  forms  in  it  a  white  precipitate,  of  an  acrid 
and"  auftere •  tafte,  a  true  infoluble  fulphite  of 
antimony,  volatile,  and  decompofable  by  the 
aftion  of  the  fire,  fufible  previous  to  its  de- 
compofition  into  a  grey  mafs',  cryftallizable  at 
its  furface,    and  hollow  in  the  interior  part, 
which  is  lined  with  fmall  cryftals;  reducible  by 
carbon,  from  which  the  fulphuric  expels   the 
fulphureous  acid,  and  which,  in  clofe  veffels, 
yields  by  diftillation  a  fmall  quantity^  of  ful- 
phureous acid,  and  afterwards  fulptfuric  acid, 
leaving  as  refiduum  a  fubftanceof  .a  brown  co- 
lour, foluble  in  fixed  alkali,    and  precipitable 
into  a  hidro-fulpharated  oxide  of  antimony  by 
the  muriatic  acid. 
Vol.  V.  Y  S9. 
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59.  The  nitric  acid,  and  efpecially  that  whrcb 

contains   a   fmall  quantity  of  nitrous   gas    is 

r?ipidly  dccompofed  by  antimony,  even  in  the 

cold.     During  this  aft  ion  a  large  quantity  of 

nitrous  gas  is  produced,   accompanied  with  a 

very  ftrong  red   vapour ;  the  rapidity  of  the 

oxidation  of  the  antimony,  which  is  infianta* 

neoufly  converted  into  a  white  oxide,  prefents 

the  idea  of  a  real  combuftion.     Sometimes  alfo 

inflammation  takes  place.     Not  only  the  nitiic 

acid  is  decompofed  in  this  experiment,  but  the 

water  itfelf  is  partially  fb :  fo  powerful  is  the 

attraftion  M^hich  the  antimony  exerts  in  this 

cafe  upon  the  oxigen;  the  union  of  the  azote 

of  the  firft,  with  the  hidrogen  of  the  fecond  of 

thefe  fubftances,  produces  ammonia,  which  coai- 

bines  with  the  nitric  acid,  and  forms  nitrate  of 

ammonia,  which  has  been  taken  for  a  portion 

(5f  oxide  united  with  the  acid.     When  we  treat 

the  white  and  thick,  or  even  dry  mafs,  which 

refults  from  this  aftion,  with  quick-lime,  or  the 

cauftic  fixed  alkalis,  the  ammonia  is  difengaged. 

There  is   no    combination  between   the  oxide 

of  antimony   and   the  undecompofed   portion 

of  the  nitric  acid,  when  any  of  this  remains* 

If  there  be  a  little  of  this  oxide  diffolvcd  iu 

tlie  acid,  Avater  precipitates  it ;  we  might  fay, 

that  the  antimony  had  paffed  into  the  acid  ftatc, 

on  obferving  the  flight  adhefion  which  it  con* 

trafts  with  the  nitric  acid.     The  oxide  formed 

by  this  procefs  has  been  confidered  as  extremely 

difficult  to  be  reduced ;  the  metfil  cannot  be 

extra^ed 


ex|ra£i;ed  from  it  without  a  great  deal  of  la- 
bour. It  is  juftly  cpnfideied  as  one  of  the  moft 
r^fraftory  and  irreducible  acids  that  exi(L  Citi* 
feen  Thenars,  on  examining  it  comparatively 
with  fome  other  white  oxides,  has  found  it  to 
contain  0,30  of  oxigen ;  it  approaches  to  that 
which  is  pt-oduced  by  nitre  ;  he  has  found  it  to 
be  in  faft  difficult  of  redudion,  but  he  has 
eafily  fucceeded  in  reducing  it  by  heating  it 
with  ^,  fmall  quantity  of  antimony,  in  order 
to  4cprive  it  cjf  its  oxigen :  by  this  means  he 
has  cauied  it  tcj)  repafs  fucceflively  through  the 
yejjpw,  orange  and  brown  colours,  which  in* 
dicat^,  (as  I  have  already  faid  relative  to  that 
whiicb  is  m^de  by  the  fire,  and  which  contains 
0,80  pf  oxigen^)  progreffive  diminutions  of  its 

Qxidation* 
40.  The  f^lphuret  of   antimony  is  alfo  at- 

tricked  with  violence,  to  ufe  the  common  mode 
of  iexpreffion,  by  the  nitric  acid,  efpccially 
irh^n  we  projnote  its  a6lion  by  calpric ;  die  me- 
t;ajL  is  oxidated  and  none  of  it  remain^  in  th$ 
gci4  •  the  qai^ture  becomes  much  heated ;  ^ 
If^fS^  quantity  of  nitrous  gas  is  difengaged, 
t>»Jt  DO  fplphurated  hidrogen  gas;  the  fulphuf 
wbicjx  is  fepaiuted,  is  found  confufedly  mixed 
with  thjB  oxide  of  antimony  at  the  bottom 
^th^  Hquor ;  and  we  fee  accordingly  from  this 
^a^  Jljat  thg  nitric  acid  cannot  be  ufed  in  the 
-fpwcientrated  ftate,  paiticularly  for  making  the 
Hff^y  pf  tfe^  fulphuret  of  antimony. 

Y  2  41.  This 
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41.  This  acid  exerts  no  adion  upofa  the  oxide 
of  antimony ;  it  is  not  improbable  that  it  may 
be  diflblved  by  the  nitrous  acid,  on  account 
of  the  property  which  this  pofleffes^  of  abforb- 
ing  a  certain  portion  of  oxigen  from  many 
metallic  oxides.  It  has  not  however  been  at- 
tempted; neither  is  the  manner  known  in 
which  the  nitric  and  the  nitrous  acids  a6l  upon 
the  fulphurated  oxides  of  antimony,  or  upon 
the  hidro-fulphurets  of  antimony.  It  is  only 
known  that  the  fulphurated  hidrogen  is  not 
difengaged  by  the  nitrous  acid,  but  burned.  ' 

42.  The  muriatic  acid  appears  to  be  that 
which  of  all  afts  with  the  greatcfft  difficulty 
upon  antimony.  The  chemifts  who  have  par- 
ticularly occupied  themfelves  M'^ith  the  folution 
of  metals,  have  faid  that  this  metal  diffolves  by 
long  digeftion  or  by  diftillation  in  the  muriatic 
acid.  I  have  obferved,  that  when  this;  acid 
is  left  for  a  long  time  upon  antimony  iti  pow** 
der,  it  at  length  afts  upon  this  metal,  and 
diffolves  a  fufficient  quantity  of  it  to  affume 
a  fomewhat  yellowifli  colour  from  if.  This 
folution  can  only  take  place  when -the  tnstk\ 
is  oxidated,  and  its  oxidation  in  the  cafe  that 
has  been  quoted,  can  only  proceed  from-  the 
decompofition  of  the  water  ;  ho'wev6t-  I  hav4 
remarked  no  effervefcence,  or  it  h^s  been  (d 
feeble,  and  at  fuch  diftant  intervals,^  that  I 
have  not  been  able  to  perceive  it;  T5i6'-whit^ 
oxide  of  antimony  diffolves  better  in  thi^  icld, 

and 
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and -forms  a  colqurlefs  folution,  Avhich  has 
feme  properties  dijSerent  from  thofe  of  the 
preceding;  the  one  yields  hy  evaporation  fmall 
eryftals  in  deliqiiefcent  needles  which  are  vola- 
tilized by  the  fire,  and  are  precipitated  and' 
decojnpofed  by  the  corita6l  of  water;  that  of 
the  oxide^  according  to  Citizen  Monnet,  is 
fixed  in  the  fire,  and  cryllallizes  into  brilliant 
laminas  like  the  boracic  acid  ;  befides  it  is  de- 
eompofable  by  water.  This  difference  would 
deferve  to  be  confirmed  by  new  obfervations. 
Bergman  aflSrms  that  the  muriatic  acid  has 
more  attraction  for  the  oxide  of  antimony  than 
the  other  acids:  this  is  proved  in  faft  by  the 
folution  of  them  which  it  effefts  ;  whilft  the 
preceding  acids  oxide  the  antimony  without 
dilTolvih'g  it,  or  quit  it  very  readily. 

43.  The  muriatic  acid  diffolves  the  fulphuret . 
of  antimony  better,  as  it  can  operate  without 
the  aid  of  heat.  During  the  folution,  a 
ftrong  fmell  of  fulphurated  hidrogen  gas  is 
difengaged.  When  we  heat  the  mixture  the 
whole  of  the  metal  is  diffolved.  According  to 
Bergman^  a  docimafiic  quintal  of  fulphuret  of 
antimony,  heated  with  the  muriatic  acid,  yields 
about  eleven  cubic  inches  of  fulphurated  hi- 
drogen gas ;  befides  a  fmall  quantity  which  re- 
mains in  the  water  through  which  the  gas  pafles. 
The  fame  quantity  of  fulphuret  of  antimony 
yields  only  two  inches  of  this  gas,  when  it  is 
treated  in  the  cold  with  the  muriatic  acid. 
This  celebrated  cTiemift  remarks^  that  the  gas 

carries 
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41.  This  acid  exerts  no  adion  upofa  the  oxide 
of  antimony ;  it  is  not  improbable  that  it  may 
be  (Jiflblved  by  the  nitrous  acid,  on  account 
of  the  property  which  this  pofleffes„  ofabforb- 
ing  a  certain  portion  of  oxigen  from  many 
metallic  oxides.  It  has  not  however  been  at- 
tempted; neither  is  the  manner  known  in 
which  the  nitric  and  the  nitrous  acids  a6l  upon 
the  fulphurated  oxides  of  antimony,  or  upon 
the  hidro-fulphurets  of  antimony.  It  is  only 
known  that  the  fulphurated  hidrogen  is  not 
difengaged  by  the  nitrous  acid,  but  burned.  ' 

42.  The  muriatic  acid  appears  to  be  that 
which  of  all  afts  with  the  greatcfft  difficulty 
upon  antimony.  The  chemifts  who  have  par- 
ticularly occupied  themfelves  M^th  the  folutioa 
of  metals,  have  faid  that  this  metal  diffolves  by 
long  digeftion  or  by  diftillation  in  the  muriatic 
acid.  I  have  obferved,  that  when  thife^  acid 
is  left  for  a  long  time  upon  antimony  iti  poAV** 
der,  it  at  length  afts  upon  this  metal,  and 
diffolves  a  fufficient  quantity  of  it'  to  affume 
a  fomewhat  yellowifli  colour  from  it.  Thid 
folution  can  only  take  place  when* the  inctlil 
is  oxidated,  and  its  oxidation  in  the  cafe*  that 
has  been  quoted,  can  only  proceed  from-  tht 
decompofition  of  the  water;  ho'wevet^  I  hav4 
remarked  no  effervefcence,  or  it  h^s  been  fd 
feeble,  and  at  fuch  diftant  intervals, 'that  I 
have  not  been  able  to  perceive  it;  T5ie -white 
oxide  of  antimony  diffolves  better  in  thi*  icld, 

and 
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and- forms  a  colqurlefs  folution,  Avhich  has 
fome  properties  dijSerent  from  thofe  x)f  the 
preceding;  the  one  yields  hy  evaporation  fmall 
eryftals  in  deliqiiefcent  needles  which  are  vola- 
tilized by  the  fire,  and  are  precipitated  and' 
decojnpofed  by  the  conta6l  of  water ;  that  of 
the  oxide^  according  to  Citizen  Monnet,  is 
fixed  in  the  fire,  and  cryllallizes  into  brilliant 
laminas  like  the  boracic  acid  ;  befides  it  is  de- 
eompofable  by  water.  This  difference  would 
defer ve  to  be  confirmed  by  new  obfervations. 
Bergman  aflSrms  that  the  muriatic  acid  has 
more  attraction  for  the  oxide  of  antimony  than 
the  other  acids:  this  is  proved  in  faft  by  the 
folution  of  them  which  it  effefts  ;  whilft  the 
prieceding  acids  oxide  the  antimony  without 
diffolvin'g  it,  or  quit  it  very  readily. 

43.  The  muriatic  acid  diffolves  the  fulphuret . 
of  antimony  better,  as  it  can  operate  without 
the  aid  of  heat  During  the  folution,  a 
ftrong  fmell  of  fulphurated  hidrogen  gas  is 
difengaged.  When  we  heat  the  mixture  the 
whole  of  the  metal  is  diffolved.  According  to 
Bergman^  a  docimafiic  quintal  of  fulphuret  of 
antimony,  heated  with  the  muriatic  acid,  yields 
about  eleven  cubic  inches  of  fulphurated  hi- 
drogen gas ;  befides  a  fmall  quantity  which  re- 
mains in  the  water  through  which  the  gas  pafles. 
The  fame  quantity  of  fulphuret  of  antimony 
yields  only  two  inches  of  this  gas,  when  it  is 
treated  in  the  cold  with  the  muriatic  acid. 
This  celebrated  cTiemift  remarks^  that  the  gas 

carries 
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41-  This  acid  exerts  no  adion  upoto  the  oxide 
of  antimony ;  it  is  not  improbable  that  it  may* 
be  (Jiflblved  by  the  nitrous  acid,  on  account 
of  the  property  which  this  poffeffeS;,  of  abforb- 
ing  a  certain  portion  of  oxigen  from  many 
metallic  oxides.  It  has  not  however  been  at- 
tempted; neither  is  the  manner  known  in 
which  the  nitric  and  the  nitrous  acids  a6l  upon 
the  fulphurated  oxides  of  antimony,  or  upon 
the  hidro-fulphurets  of  antimony.  It  is  only 
known  that  the  fulphurated  hidrogen  is  not 
difen gaged  by  the  nitrous  acid,  but  burned.  ' 

42.  The  muriatic  acid  appears  to  be  that 
which  of  all  afts  with  the  greateft  difficulty 
upon  antimony.  The  chemifts  who  have  par- 
ticularly occupied  themfelves  M^th  the  folution 
of  metals,  have  faid  that  this  metal  diffolves  by 
long  digeftion  or  by  diftillation  in  the  muriatic 
acid.  I  have  obferved,  that  when  thife;  acid 
is  left  for  a  long  time  upon  antimony  itt  pow-* 
der,  it  at  length  afts  upon  this  metal,  and 
diffolves  a  fufficient  quantity  of  it'  to  affume 
a  fomewhat  yellowifli  colour  from  if.  Thi^ 
folution  can  only  take  place  when  •  the  mctiil 
is  oxidated,  and  its  oxidation  in  the  cafe' that 
has  been  quoted,  can  only  proceed  from-  tht 
deconipofition  of  the  water;  howev6t-  I  hav4 
remarked  no  effervefcence,  or  it  has  been  fd 
feeble,  and  at  fuch  diftant  intervals,^  that  I 
have  not  been  able  to  perceive  it;  T5i^-whit€ 
oxide  of  antimony  diffolves  better  in  thi^  icid, 

and 
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and- forms  a  colourlefs  folution,  which  has 
feme  properties  different  from  thofe  x)f  the 
preceding;  the  one  yields  hy  evaporation  fmall 
eryftals  in  deliquefcent  needles  which  are  vola- 
tilized by  the  fire,  and  are  precipitated  and" 
decompofed  by  the  conta6l  of  water ;  that  of 
the  oxide^  according  to  Citizen  Monnet,  is 
fixed  in  the  fire,  and  cryllallizes  into  brilliant 
feminas  like  the  boracic  acid  ;  befides  it  is  de- 
eompofable  by  water.  This  difference  would 
deferve  to  be  confirmed  by  new  obfervations. 
Bergman  aflSrms  that  the  muriatic  acid  has 
more  attradion  for  the  oxide  of  antimony  than 
the  other  acids:  this  is  proved  in  faft  by  the 
folution  of  them  which  it  effefts  ;  whilft  the 
prieceding  acids  oxide  the  antimony  without 
diffolvih'g  it,  or  quit  it  very  readily. 

43.  The  muriatic  acid  diffolves  the  fulphuret . 
of  antimony  better,  as  it  can  operate  without 
the  aid  of  heat.  During  the  folution,  a 
ftrong  fmell  of  fulphurated  hidrogen  gas  is 
difengaged.  When  we  heat  the  mixture  the 
whole  of  the  metal  is  diffolved.  According  to 
Bergman^  a  docimafiic  quintal  of  fulphuret  of 
antimony,  heated  with  the  muriatic  acid,  yields 
about  eleven  cubic  inches  of  fulphurated  hi- 
drogen  gas ;  befides  a  fmall  quantity  which  re- 
mains in  the  water  through  which  the  gas  paffes. 
The  fanve  quantity  of  fulphuret  of  antimony 
yields  only  two  inches  of  this  gas,  when  it  is 
treated  in  the  cold  with  the  muriatic  acid. 
This  celebrated  cTiemift  remarks^  that  the  gas 

carries 
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carries  with  it,   and    depofits  in  the  tube  of 
glafs   which   cOndufts  it  a  fmall  quantity  of 
kermes,  or  red  hidro-fulphurated  oxide  of  an- 
timony, .which  proves  that  the  water  is  de- 
coinpofed;  for  the  kermes  contains  antimony 
in  the  ftate  of  brown  oxide,  and  alfo  fiilphu* 
rated  hidrogen.      The  vitreous  hidro-fulphu- 
rated oxide  of  antimony,  or  the  glafs  of  an- 
timony  is   equally   diflblved  in  the   muriatic 
^cid,  with  a  difengagement  of  fulphurated  hi- 
drogen gas.    It  is  however  here  to  be  ohftwtiy 
that  this  iatter  compound,  which  is  obtained 
by  fufmg  oxide  of  antimony  with  an  eighth 
6f  its  weight  of  fulphur,  may  probably  be  no- 
thing more  than  a  fnnple  fulphurated  oxide, 
and  not  an  hidro-fulphuret,  as  we  find  with  the 
alkaline  fulphurets ;  and  as  thefe  fuddenly  form 
hidrogenated  fulphurets  by  the  contaft  of  wattr, 
and  the  liquid  muriatic  acid,  it  may-  well  be 
the  cafe   that  the  fulphuiated  oxide  of  anti- 
mony does  not  contain  fulphurated  hidrogen, 
$tnd  that  this  is  formed  only  at  the  very  moment 
of  the  contaft  of  the  muriatic  acid,  and  by  the 
decompofition  of  the  water.     This  may  proba- 
bly be  the  nature  of  the  difference  between 
the  glcifs  of  antimony,  and  the  kermcs  mineral. 
44.  The  oxigenated  muriatic  acid  burns  and 
inflames  antimony  with  rapidity,  when  we  throw 
this  metal  into  the  gafeous  acid ;   in  propor- 
tion as  the  metallic  powder  touches  this  gas, 
each  portion  kindles  and  burns  with  a  very 

•^rilliant  white  flame,  which  forms  fparks.  The 

metal 


metal  falls  in  the  ftate  of  oxide  to  tlie  bottom 
of  the~  veflel.     In  the  liquid  oxigenatcd  acid 
the  antimony  is  converted  into  a  white  powder, 
of  which  only  a  very  fmall    portion  remains 
diffolved  ia  the  muriatic  acid,  on  account  of 
the  large  quantity  of  water  which  this  liquid 
oxigenated  acid  contains,  in  which,  as  we  recol- 
lect, it  has  very  little  folubility.  The  cafe  is  the 
feme  with  the  fulphuret  of  antimony,  the  fuU 
phurated  grey  oxide,  and  the  fulphurated  vitre- 
ous oxide  of  antimony ;  thefe  three  antimonial 
fulphurets,  when  thrown  into  oxigenated  muri- 
atic acid  gas,  burn  with  a  blue  flame,  becaufe  it 
is  only  tlieir  fulphur  which  is  inflamed  ;  and  as 
it  pafies  thereby  into  the  ftate  of  fulphuric  acid, 
i  advife  to  treat  tl>efe  bodies  with  the  liquid 
oxigenated  muriatic  acid  in  order  to  analyze 
them,  and  to  afcertain  the  quantity  of  fulphur 
by  that  of  the  fulphuric  acid  that  is  formed, 
which  is  determined  by  the  acid  of  the  muriate 
of  barites;  and   that  of  the  metal,   or  of  the 
oxide  by  the  weight  of  the  firft  precipitate  or 
white   depofition,  which   is   feparated   in  this 
experiment    This  method  will  have,  it  is  true, 
the  .flight  inconvenience  of  yielding  an  oxide 
more  charged   with  oxigen  than  it  was  in  the 
fulphurated  antimoriials;    but  this  is   a   very 
flight  error;  it  requires  only  a  fubtra^tion  of 
<^,02  or  0;04v  of  the  oxigen  of  the  precipitate 
obtained 

45.  The  nitro-muriatic  acid  lias  long  been 
(jonfidered  as  the  beft  fohent  of  antimony, 

and 
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and  in  faO;  It  oxidates  and   diffolves  it  with- 
out reducing  it  into  \\4iite  pulverulent  and  in- 
foUible  oxide  like  moft  of  the  preceding.    This 
nitro-muriatic  folution  is  more  permanent  than 
thd  others.  However  it  is  alfo  decompofable  by 
water,    and   yields  white  oxide  of  antimony. 
There  is  no  nitro-muriate  of  antimony,  as  fome 
authors  have  pretended,  but  muriate  of  anti- 
mony in  this  folution.     This  Hquid  fait,   the 
only  permanent  one,    in  which  the  oxide  of 
antimony  remaini  united  with  an  acid,  affords 
when  we  plunge  iron  or  zinc  into  it,  a  blackilh 
precipitate,  a  fpec|es  of  oxide  of  antimony  con- 
taining 0,02  of  6xigen,  which,  according  to 
the  obfervation  of  Citizen  Th^nars^  becomes 
pyrophoric,  and  inflames  fpontaneoufly  in  the 
air,  when  dried  with  a  gentle  heat. 

46.  The  fulphuretof  antimony  is  very  well, 
and  accurately  decompofed  by  a  mixture  of 
three  parts  of  muriatic  acid,  and  one  part  of 
nitric  acid.  The  metal  is  completely  diffolved 
and  the  fulphur  remains  alone,  provided  we 
employ  a  fufficient  quantity  of  the  folvent, 
and  caufe  it  to  boil  flightly  towards  the 
end.  When  the  a6lion  of  this  is  terminated, 
0,26  of  pure  fulphur  are  obtained.  During  thc< 
folution  a  ftrong  fmell  of  fulphurated  hidrogen 
gas  is  difengaged;  and  neverthelefs,  according 
to  the  obfervation  of  Bergman,  who  gives  thi^ 
procefs  as  a  means  of  alTaying  the  fulphuret  of 
antimony,  we  obtain  lefs  of  this  gas  by  the 
nitro-muriatic  acid  than  by  the  muriatic :  this 

jnani* 
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tnanifeftly  depends  upon  the  circumftance  that 
the  nitric  acid  dccompofes  and  burns  it. 

47.  The  fame  mixed  acid  eafily  attacks  the 

fulphurated  and  hidro-fulphurated  oxides,  dif- 

folving  the  oxide  and  feparating  the  fulphur ; 

fulphurated  hidrogen  gas  is  difengaged  from  all 

thefe  folutions;    but   Bergman   obferves  that 

that  of  the  hidro-fulphurated  oxide,  made  with 

equal  parts   of   fulphur  and  of  oxide,  gives 

the  greateft  quantity ;  I  ihall  occupy  myfelf 

more  in  detail  with  this  aftion  in  the  fubfe- 
quent  numbers. 

48.  We  do  not  know  the  a6lion  of  the  other 
acids  upon  antimony,  its  fulphurct  and  its  ful- 
phurated oxides ;  we  have  likewife  no  know^* 
ledge  of  that  which  might  be  exerted  by  the 
phofphoric,  the  fluoric,   the  boracic,  the  car- 
bonic,   or  by  the  four  metallic  acids.     It  is 
even  difficult   to   combine  moft  of  thefe  acids 
byway  of  double   attraction,  with  the  oxide 
01  antimony  united  with  their  acids,  fince,  as 
we  have  feen,  there  are  but  few  of  thefe  per- 
manent folutions  which  can  be  employed  for 
that  purpofe.      However  as  water  alone  renders 
the  muriatic  folution  turbid,  which  is  the  moft 
permanent  of  all,  the  acids  which  accompany 
this  precipitating  water  frequently  unite  with 
the  precipitated   oxide.     In  this   manner  the 
fulphureous  acid  forms  a  fulphite  of  antimony 
when  it  is  pouied  into  the  muriate  of  this  me- 
tal, not  becaufe  it  takes  away  the  oxide  frajn 
this   acid,  but  becaufe  it  unites  with  it  only 
at  the  moment  when  the  water  feparatcs  it 

It 
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It  is,  therefore,  probable  that  evea  in  the 
cafe  of  double  attrs6Hon,  the  phofphoric, 
fluoric,  boracic,  aiid  carbonic  acids  tnay  be 
combined  with  this  oxide,  at  the  moment 
when  they  are  poured  diffolved  in  water  upon 
the  muriatic  folution  of  antimony.  It  will, 
'  IheFcfbre  be  pra6licable  by  preparing  them  by 
means  of  this  procefs,  to  obtain  and  examine 
thefe  antimoniated  falts^  which  have  not  yet 

|>een  examined,  though  they  well  deferve  iU 

» 

I,  Jtiiion  of  the  Salifiable  Ba/es  and  the  Sails, 

49-  None  of  the  earthy  or  alkaline  falifia- 
ble  bafes  exert  any  fenfible  aftion  upon  anti* 
mony.  Its  oxide  only  has  the  property  of 
uniting  with  the  earths  during  their  vitrifica-- 
tion,  and  of  imparting  to  them  a  yellow  colour, 
more  or  lefs  of  an  orange  caft,  or  approaching 
to  the  hyacinth  colour.  It  unites  in  a  more 
dire6l  manner  wnth  the  pure  or  cauftic  alkalis, 
which  render  it  more  foluble,  and  form  with  it 
a  kind  of  cryftallizable  fait,  foluble,  and  decom" 
pofable  by  the  powerful  acids  ;  fo  that  it  then 
appears  to  aft  the  part  of  an  acid ;  we  fliall  foon 
have  another  occafion  to  fpeak  more  at  hcrgc 
concerning  thefe  falts. 

50,  All  the  alkaline  fubftances  exert  a  very 
marked  aftion  upon  antimony.  By  mean:s.  of 
this  a6lion,  two  principal  medicines  are  pre- 
pared, which  have  much  occupied  cbemifts,  the 
one  under  the  name  of  Kermes  mineral,  the 

other 
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other  under  that  oi  fulphur  auratum.  In  or- 
der  to  underftand  the  theory  and  the  nature 
of  ihefe  remarkable  compounds,  which  form 
one  of  the  moft  lingular  points  in  the  hiftory  of 
antimony,  I  muft  firft  remark,  that  every  pure 
alkaline  fubftance,  /rom  barites  to  ammonia, 
has^ore  or  lefs  the  property  of  diffolving  the 
fulphuret  of  antimony ;  that  this  folution, 
made  in  the  dry  way,  and  by  means  of  fufion, 
forms  antimoniated  alkaline  fulphurets ;  that 
thefe  fulphurets  decompofe,  water  with  much 
energy ;  that  the  water  which  is  fo  often  united 
with  the  alkaline  fubflances,  is  fufiticient  for 
converting  its  fulphurets  into  hidro-fulphurated 
fulphurets ;  that  in  this  change,  whether  it  be 
made  at  the  very  moment  of  the  fufion,  or  take 
place  only  after  the  fufion,  and  be  owing  then 
to- the  water  which  is  added,  or  to  that  which 
thefe  compounds  abforb  from  the  atmofphere, 
the  oxigen  of  the  water  feizes  upon  the  anti* 
moxr^  which  it  oxidates;  that  its  hidrogen 
unites  with  a  portion  of  fulphur,  and  that  there 
refults  from  the  fimultaneous  coinbinaticm  of 
tlie  oxide  of  antimony,  of  the  alkaline  fulphuret, 
andoftbcfulphurated  hidrogen,  a  complicated 
compound,  a^  alkaline  and  antimoniated  liidro* 
fulphurated  fulphuret,  remaining  at  firfi;  in  an 
equilibrium  of  coilip<rfition,  but  foou  lofing 
this  equilibrium  ^ben  we  attempt  to  diifolve 
it  in  boiling  waten  In  this  latter  cafe^  if  tbeze 
be  a  fuffieknt  quantity  of  alkali,  the  whole  is 
(diifolved  with  the  fiid  of  heat;  but  the  folution 

becomes 
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•becomes  turbid  as  it  cools,  *and'is  divided  into 
two  fubftances,  One  of  which  depofits  itfelf  in 
tiie  form  of  a  red,  or  brown- red  powder,  which 
is  termed  in  general  Kevmes,  and  is  the  hidro- 
fulphurated  oxide  of  antimony ;  and  the  other, 
which  remains  diffolved,  is  ftill  an  alkaline  and 
antimoniated  hidro-fuiphurated  fulphuret,  but 
containing  a  little  more  fulphur,  and  lefs  oxide 
of  antimony  than  the  firft  of  thefe  compounds. 
51.  This  feparation  into  two  new  produQs, 
which  conftantly  takes  place  in  the  folution  of 
the  antimoniated  and  hidro-fulphurated  alkaline 
fulphuret,    depends    upon    the    circumftance, 
that  the    alkali,    at    leaft,  unlefe    it   be  very 
abundanty  cannot  in  the  cold  retain  all  the  ful- 
phurated oxide  of  antimony  which  it  holds  in 
the  heat;  and  that  which  is  depofitedin  the 
form,  and  under  the  name  of  Kermes  mineral, 
is  in  faft,  fulphurated   and    hidro-fulphurated 
oxide  of  antimony.     However,  the  portion  of 
antimoniated   fulphuret  which  the  liquor  ftill 
retains,  differs  from  that  which  is  fpontaneoufly 
precipitated    by    cooling,    by    its  containing 
,xnore  of  fulphur  and  lefs  of  oxide  of  antimony. 
Thus  the  entire  mafe  of  this  compound  divides 
itfelf  naturally   into  two    different   portions; 
the  one  more  antimoniated  and  leis  fulphurated, 
which  cannot  be  kept  in  folution  in  the  cold, 
and  which  is  depofited  in  a  brown  powder  or  in 
Kermes ;  the  other  lefs  antimoniated  and  more 
fulphurated,  which  remains  in  folution ;  which 

is 
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isleparated  only  by  the  addition  of  the  acids, 
with  a  lefs  deep  colour  than  the  preceding,  ap- 
proaching more  or  lefs  to  the  orange,  and 
which  is  known  by  the  name  of  Sulphur  Auta- 
tum.  Tliis  alfo  may  be  divided  into  different 
hidro-fulphurets  lefs  and  lefs  antimoniated,  and 
more  and  more  fulphurated,  accordingly  as  it& 
precipitation  is  graduated ,  by  employing  only 
bydegrees  the  acid  neceflary  for  feparating  the 
I-  alkali.  Hence  the  fulphura  aurata  of  the  firft, 
the  fecond  and  the  third  precipitation,  lefs  and 
fefs  of  an  orange  colour,  aud  more  and  more 
pale, -the  laft  of  which  is  fcarccly  any  thing 
but  fulphur. 

It  is  neceffary  now  t6  defcribe  the  particular 
a&ion  of  each  of  thefe  bafes,  or  at  leaft,  of  thofe 
which  exert  a  remarkable  aftion  upon  the  ful- 
phuret  of  anti mony. 

52.  Barites,  ftrontian,  and  lime  diffolve  the 
fulphuret  of  antimony  fenfibly,  though  in  little 
abundance.  It  is  fufficiient  to  agitate  the  cold 
folution  tof  thefe  bafes  with  this  fulphuret  in 
the  ftate  of  powder  for  fome  moments,  in  order 
that  thefe  liquors  when  filtrated,  may  yield  by 
the  acids^  a  precipitate  of  pale  hidro-fulphurated 
oxide  of  antimony,  or  of  fulphur  auratum  ; 
but  there  is  not  a  fufficif  nt  quantity  of  oxide 
of  antimony  formed  and  dilTolved  for  real 
kermes.  to.be.depofited  without  the  addition 
of  acids.  It  is  very  evident,  that  by  the 
:niere  contiii:  of  thefe  alkaline  or  earthy  fola- 
tions,  a  fmall '.  portion:  of  the  antimony  is  here 

ox^ 


336  j;NTlMONr» 

always  upon  the  fame  fulphuret ;  the  three 
decoftions  being  mixed  together  were  filtrated, 
smd  depofited  by  cooling  a  bnOwn  red  powder 
or  kermes,  which  was  wnihed  with  water  till 
it  paffed  ofFihfipid;  the  powder  was  dried,  al- 
cohol was  burned  upon  it,  and  it  was  carefully 
triturated  for  ufe.  This  procefs,  which  is  very 
ill-contrived,  and  very  tedious,  affords  but 
very  little  kermes,  at  moft  a  fortieth  part  of 
the  weight  of  the  fulphuret  of  antimony  that 
has  been  employed.  It  was  particularly  faulty, 
on  account  of  the  fmall  quantity  of  alkali  em- 
ployed, which  was  very  far  from  being  fuffi- 
cient  for  the  proportion  of  fulphuret  of  anti* 
monythat  was  taken.  Accordingly,  the  apothe- 
caries never  followed  it,  when  this  compound 
became  fufficiently  known  to  be  a  very  com- 
mon medicine. 

55.  Lemery  the  younger,  having  claimed 
the  difcovery  of  this  antimonial  preparation, 
for  his  father,  from  the  Academy  of  Sciences, 
his  procefs  was  generally  adopted  and  pra6lifed 
in  the  laboratories  of  pharmacy,  where  the 
kermes  mineral  was,  and  ftill  is  prepared  in  one 
or  other  of  the  two  following  ways.  In  the 
dry  way,  are  taken  fix  teen  parts  of  fulphuret. 
of  antimony,  eight  parts  of  alkali  or  tartar, 
and  one  part  of  fulphur ;  thefe  three  fubftances 
are  well  mixed  by  trituration ;  they  are  fufed 
in  a  crucible;  the  mafs  when  well  fufed,  is 
poured  into  an  iron  mortar ;  it  is  coarfely  pul- 
verized  when  it  has  cooled;  then  boiled  in  a 
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fufticient  quantity  of  water,  and  the  liquet  being 
filtrated  through  grey  paper,  paffes  clear  and" 
with  a  flight  orange  tinge,  with  fcarcely  any 
othei:  fm^ll  than  that  of  the  Hxivium ;  in  pro- 
portion as  it  cools  there  fcparates  from  it  a 
powder,  of  a  beautiful  brown-red  colour,  or 
kermes,  in  great  abundance,  which  is  firft 
wailied  in  cold  water,  and  afterwards  in  boiling 
water,  then  well  dried,  pulverized,  and  paffed 
through  a  fiik  lieve. 

Tlie  kermes,  by  the  humid  way,  is  prepared 
in  the  following  mamier.  In  tMTnty  parts  of 
water  are  boiled  fix  parts  of  fixed  alkali,  the 
pure  pot-afli  of  commerce ;  into  the  boiling 
liquor  is  thrown  about  one  twentieth  part  of 
the  weight  of  the  alkali  of  pulverized  fulphuret 
of  antimony ;  this  mixture  js  well  agitated,  it 
is  fuffered  to  boil  for  feven  or  eight  minute?, 
and  filtrated ;  the  liquor  depofits  in  cooling  a 
large  quantity  of  red  powder,  or  kermes,  which 
as  well  waflied.  By  either  of  thefe  proceffes, 
nearly  three  quarters  of  the  weight  of  the  ful- 
phuret of  antimony  employed  is  obtained  in 
kermes. 

56.  In  both  thefe  operations,  all  the  ful- 
phuret of  antimony  treated  by  the  alkali  is  not 
converted  into  kermes  mineral,  and  it  has  been 
remarked  that  the  refidue,  efpecially  that  of  the^ 
humid  way,  contains  fcarcely  any  more  fulphur, 
and  that  bvfufing  it  in  a  crucible,  it  yields  anti- 
naony  almoft  pure.  Hence  it  muft  be  con^ 
ctwied,  that  the  alkali  diffolves  the  fulphur 
.    Vol.  V;  Z  almoft 
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almoft  ftfttirely,  and  that  it  oxides  only  thd 
portion  of  antimony  which  it  diflblves  at  the 
fame  time  as  the  fulphur.  The  liqtiofs,  which, 
in  both  d{)erations,  fwiiii  above  the  kermes 
mineral,  or  the  mother  waters  which  ftill  con- 
tain oxide  of  antimony  diffolved  in  the  alkaline 
hidro-ful(>huret,  may  be  precipitated  by  the 
acids,  which  firftfcparate  from  it  deep-»CoIoured 
hidro-fulphurated  oxide  of  antimony,  containing 
a  large  quantity  of  antimony,  and  afterwards 
an  hidro-^fulphurated  oxide  'more  and  more 
pale,  lefs  and  lefs  antimoniated,  and  approach-^ 
ing  at  laft  to  the  ftate  of  fulphur.  We  have  a 
proof  that  exa6ily  the  fame  feries  of  phenometia 
take  place  as  were  indicated  above,  Nos,  50 
aiid  51  J  namely,  that  the  alkali,  by  dilfolving 
the  fulphulret  of  antimony,  favours  the  decom-^ 
poljitioii  of  the  water,  caufes  its  oxigen  to  feizc 
the  antimony  which  becomes  oxidated  in, dif- 
ferent degrees,  and  its  hidrogen  to  feize  a  por- 
tion of  the  fulphur ;  that  it  retains  the  ful- 
phurated  an,d  hidro-fulphurated  oxide  of  anti- 
mony ;  and  that  it  effefts,  by  cooling,  a  fort 
.  of  divifion  of  the  produ6ls,  one  of  which  is  in 
the  ftate  of  hidro-fulphurated  brov:n  oxide  of 
antimony,  which,  being  furcharged  with  metal 
oxidated  to  the  brown  ftate,  with  relation  to  the 
whole  mafs,  abandons  the  folution,  and  is  de- 
pofited  in  the  form  of  kermes  mineral,  and  the 
other,  inthe  ftate  of  hidrogenated  fulphuretof 
t>range-colpured  bxide  of  antimony,  remains  in 
folution  in  the  alkaline  liquor.     We  have  a 

proof 
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proof  of  the  real  exiftenCe  of  thefe  phenomena, 
even  in  the  property  which  the  mother- water 
poffeffes  of  re-diffolving  the  kennes,  when  W 
heat  it  But  it  is  to  be  obferved,  that  in  the 
iecond  precipitatidn  which  accompanies  the 
eooting  of  this  folutipnf,  anpther  divifion  is 
made  in  the  hidro-fulphurated  oxide  of  anti** 
inony,  for  this  fecond  precipitate  has  another 
colour,  fome  different  properties,  and  efpecially 
ajppears  to  contain  other  proportions  in  its  prin- 
ciples than  the  firft. 

57.  Before  we  were  able   to    explain    the 
theory  of  the  operation  of  the  kermes,  which 
I  have  jttft  prcfented,  the  hiftory  of  the  fcicnce 
exhibited  a  feriea(  of  friiitlefs  refearehes  and  la- 
bours relative  to  the  nature   of  this  fingular^^ 
compound.     Gcuffroy  is  the  firft  chemift  who 
has  occupied  hithfelf  with  the  analyfis  of  the 
Kermes :  he  pretended  that  72  parts  were  com- 
pofed  of  1 7  of  metal,   1 4  of  alkali,  and  4 1  of 
Sulphur.     It  is  evident  that  Geoffroy  had  exar 
Miined  only  ill-wailied  kermes  ;  for  all  the  che- 
Kiifts  who  fince  him  haVe  operated  upon  this 
fubftance  have  found  no  alkali  in  it,  or  have 
found  in  it  only  particles  that  had  efcaped  from 
the  lixiviation.     Bergman,  in  his  very  intereft- 
Jug  diifertation  on  tl)e  fulphurated  antjmonials, 
has  committed  errors,  and  has  fallen  into  con- 
tradi^ions  relative  to  the  nature  and  compo- 
fition  of  this  fubftance,  which  are  aftonifliing 
when  we.confider  the  ability  of  the  author.    In 
One  place  in  his  work    (Experiment  30.)  he 
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fay^,   that  an  hundred  parts  of  kermes  have 
yielded  him,  by  the  muriatic  acid,  0[,52  of  white 
antimonial  powder,  and  that  he  could  not  col- 
Ie6l  more  than  0,08  of  fulphur,  without  fpeiak'- 
ing  of  the  0,40  of  matter  loft  in  this  inaccurate^ 
analyfis.     It  is  true  that  be  fays  elfe where,  thafc 
he  obtained  from   the   fame   weight  of   this 
compound  fifteen  cubic  inches  of  fulphurated 
hidrogcn    gas ;    but    this    produd;    does   not 
fupply  the  deficiency  of  0,40.     Befides^  he  af- 
firms, that  an  hundred  parts  of  kermes  con- 
tain 0,52  of  metal  (we  have  juft  feen  that  thefe 
0,52   were  white  oxide  of  antimony,  and  not 
metal),  and  0,48  of  falphur:  but  he  had  faid, 
a  little  before  that,  that  he  had  not  been  able  ta 
colle6l  more  than  0,08.     Hence  we  may  con- 
clude, that  the  analyfis  of  the  kermes  mineraJ 
was  not  yet  well  perfonned  by  Bergman.    It  is 
known    that   this^  compound  fufes   into   liver 
fif  antimanyy    or  opaque  vitreous  fulphurated 
oxide;  that,  when  treated  by  the  muriatic  acid,  it 
lofes  its  colour,  affords  fulphurated  hidrogen 
gas ;  and  that  it  is  foluble  m  the  alkaline  fulphu- 
rets  and  hidro-fulphurets.     Citizen  Berthollet, 
by  defcribing  it  asa  hidro-fulphuret  of  oxide 
of  antimony,  has  given  a  much  more  accurate 
notion  of  it  than  thofe  which  had  been  pre* 
fented  before  him. 

58.  Citizen-  Thenars,  in  his  refearches 
concerning  the  oxides  of  antimony,  has 
put  the  laft  hand  to  this  work.  From  his 
analyfis   of   different   antimonial  preparations 
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compared  with  each  other,  feveral  new  truths 
refult,  which,  whilft  they  eftablifh  the  firft 
truths  announced  by  Citizen  Berthollet,  give 
them  a  precifion  'which  they  did  not  before  pof- 
(eik*  According  to  Citizen  Thenars,  kermes 
is  only  a  brown  oxide  of  antimony,  united  with 
fulphurated  hidrogen,  and  a  fmall  quantity  of 
fulphur.  Its  difference  from  the  fulphur  auratum 
coniifts  lefs  in  the  proportion  of  the  fubftances 
than  in  the  ftate  of  the  oxide^  In  the  latter, 
the  oxide  of  antimony  is  orange-coloured  in- 
stead of  being  brown :  it  is  to  this  varied  ftate 
of  the  oxide  that  thefe  compounds  owe  their 
difference  of  colour.  They  are  foluble  in  the 
alkaline  hidro-fulphurets,  and  not  in  the  alka- 
lis. Fkialiy,  the  kermes  adis  upon  the  air,  de- 
prives it  of  oxigen,  analyzes  it  as  an  eudiometri- 
cal  inftrument^  becoming  pale  in  proportion,  as  it 
is  more  and  more  oxidated,  and  at  laftit  becomes 
white  attogethen  Citizen  Thenars  has  found, 
by  a  careful  and  laborious  analyfis,  for  which  he 
was  obliged  to  re-analyze  the  fulphuric  acid, 
the  fulphate  of  barites  and  the  fulphurated  hi- 
drogen^ that  kermes  mineral  contains. 

72,760  brown  oxide  of  antimony ; 

20,298  fulphurated  hidrogen; 

4,156  fulphur; 
^  g,786  lofs  in  water,  &c. 

The  Sulphur  Auratum  contains  : 
€8,300  orange-coloured  oxide  of  antimony} 
17,877  fulphurated  hidrogen ; 
U  to  12,000  fulphur. 

Thefe 
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Thefe  new  refults  agree  with  the  ancient 
experiments,  the  theory  of  which' had  not  be- 
fore been  comprehended. 

Kermes  is  prepared  immediately  by  the  mix^- 
ing  of  a  muriatic  folution  of  antimony  and  of 
hidrogenated  fulpKuret,  or,  ftill  better,  of  hi- 
dro-fulphuret  of  pot-afh:  this  mixture  fiidde^ly 
affords  a  precipitate  of  a  brown-red  colour,  be- 
caufe  as  the  hidrogen  takes  away  a  little  oxi- 
geri  from  the  white  oxide  before  it  precipitates 
it.     It  is  alfo  formed  by  expofing  white  oxide  of 
antimony^  wet,  or  fteeped  in  water,  to  the  contact 
of  iulphurated  hidrogen  gas,  and  according  to 
the  fame  theory.    As  to  the  procefs  by  which 
Bergmq^n  imagined  he  had  formed  kermes,   by 
fufing,  or  rather  by  foftening  together  equal 
parts  of  fulphur  and  of  oxide  of  antimony, 
][>repared  by  nitre  (No.  29.)  it  is  very  evident 
that  this  is  not  a  real  kermes ;  for  it  does  not 
contain  a  fufficient  quantity  of  hidro-fulphurct 
to  conftitute  it  fuch :   it  is  only  a  fufed  fql- 
phurated  oxide  of  antimony. 
'    59*  What  i  have  here  explained  concerning 
the  hidro-fulphurated  brown  oxide  of  antimony^ 
or  kermes^  of  which  I  have  been  obliged  to 
modify  the  firft  denomination  of  the  methodi- 
cal nomenclature,  on  account  of  the  difcove- 
ries  of  Citizens  BerthoUet  and  Thenars,  rcla- 
live  to  the  prefence  of  fulphurated  hidrogen, 
^nd    of  the    different    oxides  of     antipiony, 
which  determine  its  real  nature,  proves^  that 
^a    order  to   make  an  exi^fl  analyfis,  it  waa 
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neccffary,/after  having  eftimated  the  proportion 
ef  fulphurated  bldrogen  that  13  difengaged  from 
it  by  the  aSiou  of  the  acids,  to  determine  that 
of  the  fulphur,  by  burning  it  completely  by 
means  of  the  nitric  or  oxigenated  ijiuriatic 
acid,  and  by  precipitating  tj)e  fulpjiijric  acid 
thus  formed  by  the  nitrate  or  muriate  of  barifes^ 
and  that  of  the  oxide  of  antimoiiy,  b^  dif- 
folviug  it  in  the  muriatic  acid,  and  precipita- 
ting it  with  water,  I  muft  aHo  obferve  on  this 
occafion,  that  the  acids  cannot  ferve  to  ana- 
lyze  the  hidro-fulpliurated  oxide  of  antipaony 
by  (imply  feparating  the  fulphur,  and  d^flblving;^ 
its  oxide,  as  has  been  believed;  for  in  this 
opei-ation,  the  fulphur  always  retains  a  portioti  of 
o;$;ide  of  antimonj^  I  muft,  moreover,  obferve, 
that  thi$  hidro«fulphurated  oxide  does  not  yiel4 
fulphurated  hidrogen  gas  by  the  aftion  of 
fire,  and  that  its  hidro-fulphuret  appears  to  be 
decompofed  during  its  fufion  into  vitreous  fulr 
phurated  oxide.  Finally,  I  (hall  remark,  that 
there  apj>ear  to  be  different  bidro-fulphurated 
oxides  of  antimony,  varying  in  the  proportion 
of  their  principles,  according  to  a  multitude, 
of  different  circumftances  that  accompany  their 
formation. 

60*  When  the  nature  of  thefe  hidro-Julpku' 
fated  oxides  of  antimony  has  been  well  compre- 
hended, that  of  the  fulphur  auratum  will  be 
equally  comprehended.  Being  more  foluble  in 
the  alkaline  fulphurets  than  the  firft,  they  are 
jlepar^ted  ^nd  obtained  from  thenji  Qply  by  de^ 
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paling  tbeir  folutions  by  the  acids:  they  con- 
tain more  fulpl)ur,  lefs  oxide  of  antimony,  anc5 
this  05^ide  lefs  oxided  than  the  kermes ;  theja 
vary  amongft  themfel ves  according  to  the  mod— 
of  their  preparation,    ^nd  the  proportions  Ofc 
their  principles  are  very  different.     In  order  L  % 
obtain   a    conftant  proportion,  Goetling    hai^j 
jiropofed  the  following  procefs :  mix  well  two 
pai'ts  of  fulphuret  of  antimony,  reduced  to  a 
very  fine  pbwder,   with  three  parts  of  fulphur; 
diflblve  them  in  a  boiling  ley, of  cauftic  alkali; 
filtVate,  dilute  the  folution  with  water,  preci* 
pirate  it  by  the  diluted  fulphuric  acid :  in  this 
manner  are  obtained  nearly  4-^  parts  of  an  hidro- 
fulphurated  fulphuret  of  antimony,  fimilar  to 
that  which  is  obtained  by  the  third  precipi' 
tation  of  the  mother  waters  of  the  hidro-fuf- 
phurated  brown  oxide  of  antimony.     Bergman 
obftrves  juftly  concerning  .this  procefs,  that  it 
is  preferable  to  that  which  is  generally  pra6lifed 
in  order  to  obtain  it ;  that  the  proportion  of  its 
principles  may  alfo  be  varied,  according  to  that 
of  the  fulphur  which  is  added  at  the  option  of 
the  phyfician,  who   will   then  know  what  he 
fhall  pofitively  employ. 

61.  I  fhall  conclude  this  account  of  the  pro- 
perties of  the  fulphurated  and  hidro-fulphurated 
oxides  of  antimony,  by  obferving,  that  thefc 
compounds,  whether  we  form  them  by  immediate 
fufion  with  the  metallic  oxide  and  the  fulphur,  or 
obtain  theiti  by  the  immediate  union  of  the  anti- 
moniated  folutions  with  the  alkaline  hidro-ful- 
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phurets,  or  whether  they  be  the  produ6!k  of  the 
aftion  of  the  niuriatic  acid  upon  the  fulphuret 
of  antimony,  or  that  of  the  action  of  the  alkalis, 
always  fliow  a  more  feeble  adhefion,  a  lefs  in- 
timate combination  between  the  molecules  of 
the  oxide  of  antimony  and  the  molecules  of 
Culphur,    than  there   exifts  in  the  fulphuret  of 
antimony;  forthefe  fubftances  are  more  decom* 
pofable,  fince  merely  a  longexpofure  to  the  air 
is  fufficient  to  alter  them,  and  they  affume  the 
vitreous  chaa6l  er  in  the  fire.     The  prefence  of 
-the  fulphurated  hidrogen  which  brings  them  to 
the  ftate  of  fulphurated  hidro-fulphurets,  and 
of  triple  compounds,  is  the  caufe  of  this  fmaller 
adhefion  between  their  molecules,  as  the  fre-^ 
^uently  larger  proportion   of   fulphur  is    its 
€flfea. 

62.  Amongft  the  lalts  there  is  no  clafs  which 
is  Bot  fufceptible  of  being  in  fome  meafure 
altei^ed  by  antimony  and  its  fulphuret,  and 
whi^  does  not  at  the  fame  time  change  the  na- 
ture of  thefe  bodies.  Monnet  is  the  firft  who 
has  defcribed  the  aftion  of  antimony  upon  the 
fulphates  of  pot-afh.  By  fufing  in  a  crucible 
one  part  of  this  fait,  and  half  a  part  of  anti- 
mony, the  metal  difappeared ;  a  mafs  is  ob- 
tained, feemingly  vitrjfied  or  flitted,  and  cauf- 
tic,  which  is  aii  antimoniated  fulphuret  of  pot^ 
aih,  and  which,  when  difFufed  in  hot  water, 
yields  hidro-fulphurated  oxide  of  antimony  by 
cooling.  The  antimony  has,  therefore,  taken 
oxigen  from  the  fulphuric  acid,  and  has  united 
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in  the  ftate  of  oxide  with  the  fulphuret  of  pot— 
afli  which  has  been  formed.     The  conta6i  oP 
the  water,  by  its  decompofition,   has  quickly* 
hidro-fulphurated    this    antimoniated   alkaline 
fulphuret ;  fo  that  its  hot  folution  has  become 
fufceptible  of  feparating  itfelf  into  two  por- 
tions ;  the  one  highly  antimoniated,  which  is 
fpontaneoufly  precipitated  in  the  brown  ftate  ;- 
the  other  more  fulphurated,  which  has  remained 
diffolved.     There  is  no  room  to  doubt   tKat 
moft  of  the  fulphates,  and  even  of  the  earthy 
and  alkaline  fulphites,  would  experience  the 
fame  change  from  the  aftion  of  antimony. 
The  fulphuret  and  pure  oxide  of  this  metal,  on 
the  poptrary,  produce  no  kind  of  alteration 

npon  then).* 

63.  The  nitrates  are  all  capable  of  burn* 
ing  antimony  and  its  fulphuret,  by  heat,^  or 
in  a  red  heat,  more  or  lefs  violently  and  ^com- 
pletely, according  to  the  quantity  of  them 
that  is  employed.  This  adion  has  been  made 
vfe  of  jn  order  to  prepare,  with  the  aid  of  the 
pitT4te  of  pot-aili,  the  fpecies  of  the  genus 
which  is  preferred,  as  we  have  feen  upon  a  for- 
mer occafion,  a  great  number  of  different  an- 
timoniated  preparations,  of  which  I  fhall  here 
mention  the  principal  A  mixture  of  two  or 
three  parts  of  this  fait,  and  one  part  of  fine 
powder  of  antimony,  well  pounded  in  a  mor- 
tar, detonates  ftrongly  whether  we  place  it 
in  conta6k  with  ignited  combuftible  fubftances, 
ov  throw  it  iato  a  red-}iot  crucible,  or  heat 
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it  to  rednefs  in  a  clofe  crucible.  This  latter 
method  is  preferable  to  the  two  firft,  which,  by 
admitting  the  contaft  of  the  air,  occafion  a 
lofs  of  a  great  part  of  th?  produ^l  of  the  ope- 
ration, for  it  is  knoM^'n  th^t  antimony  is  volati- 
K2ed  by  a  ftrong  heat.  The  detonation  is  ac- 
companied with  a  very  lively  white  flame  ;  the 
[  antimony  is  ftrongly  and  completely  oxided  by 
Ae  oxigen  of  the  nitre,  which  is  itfelf  decom- 
pofed  and  reduced  to  its  alkaline  bafe.  The 
refidue  of  this  detonation  is  a  white  mais,  fco- 
rified,  which,  when  wafhed  with  water,  leaves 
a  portion/  of  the  oxide  of  antimony  united  with 
;a  fmall  portion  of  pot-afli,  and  gives  another 
combined  with  much  more  alkali,  and  diflblved 
like  a  fpecies  of  felt,  in  which  the  oxide  feems 
to  perform  the  funftion  of  an  acid.  The  oxide 
prepared  in .  this  manner  was  formerly  termed 
diaphoretic  antimony  by  thcre^plu^i  The  uu- 
difibived  portion  of  oxide  of  antimony  was 
coniidered  as  a  pure  oxide;  but  Citizen  The- 
nai^  has  difcovered  that  it  retains  a  portion 
of  pot^aih  which  conftitutes  about  a  fifth  of  it, 
and  that,  in  ponfequence,  the  produ6l  of  the 
(detonation  of  the  nitre  and  of  the  antimony, 
is  divided  into  two  parts  by  wafliing ;  namely, 
into  a  Ipecies  of  antimoniated  pot-afh  which  is 
diffolved,  and  a  fort  of  infoluble  antimonite  of 
pot-afh. 

64.  This  preparation  is  more  frequently 
made  with  the  fulphiiret  of  antimony  than  with 
the  metal,  becaufe,  as  has  ali::eady  been  fo 
often  remarked^  this  fulphuret  has  been  much 
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more  employed  than  the  metal  itfelf;    Three 
parts  of  nitre,  and  one  of  fulphuret*  of  anti- 
mony, well   triturated  together,  placed  m  an 
iron  mortar,  and  touched  witlian  ignited  coalf 
inflame  and  continue  to    burn   with    emiffion 
of  fparks,  much  a6livity,  and  very  abundant 
white  vapours,,  till  the  mixture  is  entirely  cob* 
verted  into  a  mafs  of  a  yellowifh  cojour,  haii* 
fufed  or  fcorified,  which  retaiufi  for  feme  time 
the  rednefs  of  the  ignition,  and  CQok  flowiy^ 
The  quantity  of  nitre  which  is  employed  in 
tliis  experiment,  and  the  force  of  the  combu& 
tion  which  it  excites  on  accoiint^  of  the  pro* 
portion  of  oxigen,    bums   the   fulpbur   ^d 
chafiges  it  into  acid,  as  alfo  the  antimony  which 
is   found   completely  oxidated.     The  prodad 
confifts  of  fulphate  of  pot'-afh,  a  little  nitee 
cfcaped  from  the  detonation,  oxide  of  antimony 
united  with  the  pot-afli  j  and  it  is  fufceptible  of 
being  divided  into  two  compounds  by  the  aC" 
tion  of  water,  as  is  done  with  the  produft  of 
the  combuftion   of  pure  antimony  by    nitre. 
This  mafs  was  termed  in  Pharmacy,  fohent  of 
RofroUy  or  diaphoretic  antimony  not  wajked, 
VVTien  it  is  thrown  into  hot  water,  it  dilutes; 
the  falts  and  a  part  of  the   oxide,   united  with 
the  pot-afli,  diffolve  in  it ;  the  greater  part  of 
the  oxide  combined  with  one  fifth   of  pot-afb, 
remains    at    the    bottom  of   the  water,    in  a 
white,    infoluble  and    almoft    infipid  powder. 
After  it  has  been  well  waflied  and  cleaned,  it 
is  formed  into  maffes,  dried,  and  kiept  undci 
the  name  of  wajlied  diaphoretic  autimony.    The 

water 
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water  fof  tJie  lixiviation,  which,  befides  the 
nitre  which  is  not  dccompofed,  but  reduced  to 
theflate  of  nitrite,  and  the  fulphate  of  pot* 
affa)  contains  ftill  a  portion  of  oxide  of  anti- 
mony united  with  this  alkali  in  the  ftate 
of  a  fait,  may  be  decompofed  'by  the  acids, 
which  form  in  it  a  precipitate  of  white  oidde, 
teamed  ctrufa  of  antimony^  or  pearly  matter 
ef  Kerkringiu^j  becauft  it  was  known,  and 
well  defcribed  by  this  laft  Cpmmentator  on 
the  Treatife  of  Bafil  Valentin.  Formerly  the 
liquor  -  that  fwam  above  this  precipiUite  was 
evaporated ;  and  the  fait  which  was  obtained 
from  it,  containing  undecompofed  nitre,  fulr 
phate  of  pot-afh,  and  the  new  fait  formed  by 
the  precipitating  acid  combined  with  the  pot- 
afl),  however  different  it  was,  as  all  the  acid$ 
could  be  employed  for  this  precipitation,  bore 
the  improper  name  of  antimoniated  nitre  of 
Stahl :  but  it  is  evident  that,  even  when  prepared 
by  the  nitric  acid,  it  does  not  contain  oxide  of 
antimony,  if  its  preparation  has  been  well  con- 
du6led. 

65.  1  have  already  announced  (No.  49,)  that 
the  oxide  of  antimony  unites  with  the  alkailis ; 
and  we  have  juft  feen  a  more  direft  proof 
of  it,  both  in  tlie  undiifolved  p^rt  of  this  oxide^ 
and  in  the  lixiviation  of  tlie  produ6l  of  the 
detonation  of  antimony,  and  the  fulphuret  of 
antimony -.with  nitre.  This  lixivitim  contains 
a  fpecies  of  fait  formed  by  the  union  of  part 
af  the  oxide  with  the  pot-afh ;  a  fait  which 
might  be  named  antimonite  of  pot-ajlij  fmce, 

according 
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according  to  the  obfervatiofi  of  CXtiisen  fiw^ 
tboUet,  it  is  fufceptible   of  tryftalliiing;   it 
poffeffes  a  determinate  degree  of  folubility ;  it 
k  decompofed  by  the  acids.     As  to  tht  reft,  I 
%eak  under  in  af  particular  number,  only  in 
order  to  call  the  attention  of  cbemifb  to  the 
lingular  combinations  of  this  acidiform  dxMe 
ivith  the  baies,  and  to  induce  fliem  to  make 
new  inquiries  relative  to  thefe  Combinations 
vhich  have  as  yet  been  only  furmifed:  In  gene-^ 
ral,  the  oxide  of  antimony  made  by  nitre,  or 
by  the  decompofition  of  nitric  acid,  appears  to 
be  more  oxidated,  and  more  approaching  ta  the 
ftate  of  acid,  than  that  ivhich  is  obtained  by 
the  fimple  combuftion  of  antimony  fufed  in  the 
air.     It  was  with  the  oxide  prepared  by  n^eaa^ 
of  nitre,  that   Bergman  made  his  fulphurated 
preparations ;    it  was  by  endeavouring  to  re* 
duce   it   with  foap,    that  GeofFroy  difcover-' 
ed  that  pyrophorus   burning  like  a  fire-*work, 
vhich  I  have  already  mentioned,     (No.  23). 
Laftly,  this  oxide  of  antimony,  which  is  the 
moft  oxigenated  of  all,  has  been  carefully  exa- 
mined  by  Citizen  Thenars,  who  has  found  it  to 
contain  0,32  of  oxigen.      The  principal  cha-' 
ta6lers  which  he  has  difcovered  in  it  are,  that 
it  is  the  leaft  foluble  in  water  of  alt  the  oxides 
jof  antimony,  that  it  unites  with  the  acids  with 
thp  greateft  difficulty,  that  it  requires  for  its 
difoxidation  the  higheft  temperature,  without 
being  irreducible,  as  wzs  formerly  believed,  that 
it  cannot  be  veil  reduced  unlefs  when  it  is 
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heated  with  a  portion  of  antimony,  which,  by 
Jharing  its  oxigen  which  it  takes  away  by  de- 
grees, caufe^  it  to  pafs  again  through  all  the 
fucceffive  degrees  of  oxidation  ;  namely,  from 
the  white  to  -the  yellow,  from  the  yellow  to  the 
orange- coloured,  from  the  orange- coloured  to 
the  brown,  and  from  the  brown  to  the  black. 

66.  If  inilead  of  employing  three  parts  of 
nitre,  and  one  part  of  fulphuret  of  antimony,, 
we  employ  only  equal  parts  of  thefe  two  fub- 
itances,  we  obtain  by  the  aftion  of  the  fire  an 
opaque  vitrification,  which  has  been  termed 
Liver  of  Antimony.  Bergrilan  obferves,  what 
may  apply  to  all  thefe  cafes  of  the  combuftion 
of  the  fulphuret  of  antimony  by  nitre,  that 
when  we  throw  the  materials  atfeveral  times  into 
a  red-hot  and  open  crucible,  we  may  lofe  nearly 
half  the  mixture ;  he,  therefore,  advifes  us  to 
put  the  fubftance  into  a  cold  crucible,  to  clofe 
it,  and  to  apply  the  fire  till  it  is  fufed.  By 
this  procefs  fcarccly  more  than  an  hundredth  is 
loft.  The  fame  method  is  to  be  recommended 
for  all  the  preparations  which  are  m^de  with 
nitre  and  antimony,  or  its  fulphuret  We  thus 
obtain,  under  fome  fcoria,  an  opaque  well- 
fuied  glafs  of  a  deep  brown  colour,  which  is  a 
real  oxide  of  antimony,  brown,  fulphurated  and 
hidro-fulphurated,  vitrified,  which  was  formerly 
termed  liver  of  antimony,  on  account  of  its 
colour  and  opacity,  to  diftinguifh  it  from  the 
glafi  of  antimofit/y  which  is  tranfparent  and  of 
a  hyacinth  colour.     We  fee  that  he^c  the  pro* 

4  portion 
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portion  df  the  nitre  is  not  fufficient  to  bui'n  tlifc 
whole  of  the  fulphur;  we  fee   alfo  that  tt:^ 
antimony  burns   before  the  fulphur,  as   tak^; 
place  in  the  preparation  of  the  kefines*     Tlxii 
liver  of  antimony,  or  a'ntimoniated  fulphuret  ai 
pot-afli,  contains  a  fmall  quantity  of  fulphite 
and   of  nitrate    of  pot-afh,    which   Bergman 
believes  to   be  the  true  antimoniattd  nitre  of 
StahL     lie  remarks  alfo,  that  thefe  lalts  prevent 
the  deliquefcence  M'hich  the  antimoniated  ful- 
phuret formed  fimply  with  equal  parts  of  fixei 
alkali,  and  of  fulphuret  of  antimony  fufed  toge- 
ther, undergoes. 

It  is  eafily  conceived  from  what  has  already 
been  faid,  that  when  this  vitreous  produQ;  i» 
wafhed,  the  water,  by  taking  up.  the  falts, 
diffolves  alfo  a  portion  of  hidro-fulphurated 
oxide  of  antimony,  will  depoftt  by  cooling  J 
portion  of  real  kermes,  and  afford  by  the  acicb 
hidro-fulphurated  orange-coloured  oxide,  or 
fulphur  auratum.  The  undifTolved  portion  of 
the  livej^  of  antimony y  weU  wafhed  and  reduced 
to  powder,  was  termed  Crocus,  or  Saffron  of 
Metals,  on  account  of  its  deep  otange-red 
colour.  Bergman  confiders  it  as  a  fpecies  of 
kermes  or  hidro-fulphurated  oxide  of  antimony; 
it  yields  fulphu rated  hidrogen  gas  by  the 
muriatic  acid;  and  though  it  has  not  been 
fubjefled  to  an  accurate  analyfis  compared  with 
that  of  the  kermes  ftridlly  fo  called,  it  is  evi- 
dent, that  it  differs  from  it  only  by  a  larger 
proportion  of  oxide  of  antimony,  and  alfo  by 
3  its 
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its  more  advanced  ftate  of  o^MatiOFn  r  it  id  like-"* 
vrife  more  aftive,  mote  purgative  and  itiori 
emetic,  on  which  accoxvnt  it  i&  employed  is  a- 
medicine  for  horfes.  The  fcoriathat  is  fituated* 
above  the  liver  of  antimony,  is  j^rey,  and  yields 
by  lixiviation  a  cryftalli:ied  fait,  whitih  is  fufed; 
fwelk  with  anoife  b^oie  the  blow-pipe,  anfd 
prefcnti  a  fpecies  of  detonationr;  it  remains 
red  or  y^How  for  fome  time  after  its  cool- 
ing, but  its  colour  difappeard  after  foind 
tinie.  This  fait  yields  fulpfaurated  hidrogen 
gra  with  inuch  froth  by  the  contaCl  of  the 
acids;  and  when  fufed  afterwards  with  the 
blow-pipe  upon' a  coal,  it  is  abforbed  and  leavtesr 
only  ar  white  circular  trace  in  the  place  which 
it  occupied:  Bergman  concludes  frotn  tlifife 
experiments,  that  the  fait  of  the  fcoria^  of  the* 
iirer  of  aVitittttmy  is  a  mixture  of  rii'tte  arid 
of  foiphite  of  pot-afh,  with  fome-  trades  of 
oxide  of  antimony.  He  adds  that  thefe  fcorise ' 
yield  fulphurated  hidrogen  gas  by  the  muriatifc 
acid;  before  as  well  as  after  their  bdng  ^afhed ; 
but  tfiM  thfey  do  not  depofit  aYiy  hidro-fulphb- 
rated  obcide  of  antimony", 

67.  It  writ  be  recolle6te?d,  that  b^  treattrfg-' 
eight  parts  of  fulphuret  of  ititimihy  v^ilh  fh^  • 
parts  of  tartar  a:nd  three  of  nitre,  M^e  obtaitt 
atiltimony,  becaiife  the  fmall  p'ortioiil  of  o:^igdh' 
of  tfie  nitre  is  employied  to  burn  the  tartar,  tif 
reSttte  it  inta'a  coal,  Which  prevents  thfe  oxidk* 
tion  of  the  metal,  and  to  burn  a  fmall  qiiantitjK 
orfulphur,  of  which  the  larger  part  combines 
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^'ith  tl^fc  pQt-afli,  the  bafe  of  the  nitre,  and  of 
tfee  tartar,  (fee  No.  14).  The  fcoria  which 
float  above  the  metaV  ^.nd  which  are  veiy* 
ajbimdant  and  very  voluminous,,  are  much 
compounded.  We  find  in  them  antimoniated 
fiUphuret  of  pot-aft,  which,  when  walhed  with 
hpt  ^ater,  afts  in  pcrfeftly  the  fame  man- 
i^r  a#  the  lixivium  afforded  by  the  kermes 
mineral  and  the  fulphur  auratum^  .  It  is  nuxed 
with  fulphate  and  fulphite  of  pot-alh,  and  much^ 
carbon.  :  It  i«,  therefore  evident,,  that  the  anti-: 
mony  is  not  completely  difengaged  By  this 
procefs,  whicl^is  to  be  confd^i^d  merely  as  an 
i^perfefi  affay  of  its  ore,  fince  a  portion,  and 
eyen.a  pretty  confiderable  one,,  remains,  o^i-' 
dated  and  combined  with  the  very  abundant 
pot-aih  of  the  fcoria.  ^  r.       ,  /  . 

.  68.  Antimony  appear^to:  be  capable  of  de- 
cpmpofing  the  muriate  of  foda,  according  to 
Citizen  Monnet,  who  afferti*  that  when  we 
heat  a  mixture  of  thefe  two*  bodies  in  a  retort^ 
fublimed  muriate  of  antimony  is. obtained; 
but  this  chefnift  does  not.fpeak.of  the  reiMiie; 
which  he  does  not  feem  to  have,  examined,  and : 
which  ought  to  contain . .foda»  if  the  &ilt.has 
been  really  decompofed,.  The  antimony  does 
not  a£l  upon  the  ammoniacal  muriate,  as. 
Bucquet  has  ccmvinced  himfelf,  and  it  yields 
n/either  ammonia  not  muriate  of  antimony  when 
It  is  diftilled  with  this  falt^  as  Juncker  had, 
iM)wever,  advanced* 

69.  It 
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69.  It  appears  that  the  fulpliuret  of  antimony 
ibl&s  more  upon  the  muriates,  than  the  metal 
does^  on  account  oiP  the  attraftion  of  the  fulphuf 
for  thebafes  of  tliefe  falts.  Thus  by  diftilling  a 
mixture  of  this  fulphuret  with  muriate  of 
ammonia,  we  obtain,  according  to  feveral  che- 
mids,  a  purple  pulverulent  fublimate,  which  can 
only  be  an.  amtnbniacd-antimonial  hidro-fuU 
phuret.  This  experiment  deferves  to  be  re- 
peated with  care. 

70.  The  fuper-oxigcnated  muriate  of  pot-afh, 
the  only  one  of  this  genus  which  is  well  known 
and  employed,  a6b  very  powerfully  upoti  ;inti- 
inony  and  its  fulphuret ;  mixed  in  the  propor- 
tion of  two  parts  to  one  of  thefe  combuftible 
bodies,  and  inflamed  by  the  contad  of  a  body 
in  the  ftate  of  combuftion,  it  caufes  them  to 
bum  with  fuch  gteat  aftivity,  that  the  whole 
is  diffipated  in  the  air  in  a  white  Vapour,  leav- 
ing only  a .  flight  circular  mark  upon  the  body 
on  which  this  mixture  has  been  placed.  -  Wheti 
this  experiment  is  performed  in  a  clofe  veflel,  we 
i>btain  from  the  antimony  a  white  oxide,  whicTi 
is  feparated  from  the  muriate  of  pot-afh  by  the 
adion  of  water,  which  diflblves  the  latter  ;  by 
this  means  we  obtain  the  oxide  perfeftly  pure 
and  infulated.  When  a  fudden  ftroke  is  given  to 
the  fame  mixture  of  fulphuret  of  antimony,  or 
antimony  and  fuper-oxigenatcd  muriate  of  pot* 
afli,  upon  a  fteel  anvil,  it  fulminates  with  a 
loud  report,  emitting  a  flame  as  brilliant  and 
rapid  as  lightning. 

A  a  2  71.  For^ 
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71.  Formerly,  two  antifiioa.iated  yitremu 
compounds  were  prepared  in  the  phanuaceuttcai 
Uboratories*;  the  one^  knawix  by  the  liame.of 
Ruby,  qf  AMtimoni/y  or  Op&iwe  M^nefmi 
was  produced  by  the  fufion  of  equal  parts  of 
decrepitated  oiuiiate  of  feda^  Biftrate.of  pot-aiby 
and  fulphuret  of  a».timoiiy ;.  iio,  this*  manner^,  a 
viXriform  i9af3  was  obtainedv  a£  a  light  browjx 
colouit  briUiaiit;  ajid  co^red  with  a  white 
fcoria.  The  other  preparation,  very  improperly 
termed  medicinal  reg^lttSy  was.  prepared  by  the 
fuiion  of  a  mixAurQ  o£  fifteen  parts  gf  fnlf^uret 
of  antimony^  twelve  parts  of  dipcrepitated 
muriate  of  fofda^  and.  three  parts  of  tartar.  In 
this.m^QAer  was  produced  a  black  glafsi  fhiningj 
opaquje,  without  the  metallic  afpe6b,  and  very 
denie.  Thefe  two  compounds  are  fpecies-  of 
liver  of  antimony,  which  proceed  from  a  de* 
compofition  of  the  muriate  of  foda,  or  of 
nitrate  of  pot-a(h,  and  have  not  yet  been  «xa* 
mined. 

72,  The  reciprocal  a£iion  of  antimony,  of 
its  fulphuret  and  of  its  oxides  upogt  the  phofip 
phateS)  the  fluates,  the  borates;  and  the  car* 
bonates  has  not  been  appreciated;  we  only 
know  that  the  phofphates  and  the  borates,  fufed 
with  the  white  oxide  of  antimony,  b^oioe 
vitrified  and  affume  the  brown  or  the  hyacinth 
cplour,  and  that  the  carbonates  heated  with 
the  fulphuret  of  antimony  lofe  their  carbonic 
acid)  effervefce  at  the  moment  wlien  they  com* 
bine  with  its  fulphur,  and  afterwards  form  anti- 
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moniated  fulphurets>  which  contain  tloe  alkalis 
iiithecauftic  ftate. 

73.  Scheele  has  found  in  tlie  combined  aftion 
of  the^alts  and  of  the  acids  ^  very  fnnple  and 
very  commodious  procefs,  for  procuring  abund- 
antly and  eaiily  thai  fpecies  of  oxide  of  anti- 
mony, which  water  always  feparates  from  its 
muriatic  folution,  and  which  is  known  by  the 
ujitne  of  Powder  of  Algaroth,  as  I  iliall  fliow 
in  the  article  concerning  mercury.  In  this 
procefSy  a  liver  of  antimony  is  prepared  by 
treating  by  detonation  a  mixture  of  one  part 
of  fulphuret  of  antimony^  and  a  part  and  a . 
half  of  nitre.  One  part  of  this  compound  is 
mixed  with  three  parts  of  water,  and  nearly 
coae  part  of  fulphuric  acid,  to  which  muriate 
of  foda  is  added  in  the  fame  proportion  as  this 
acid.  This  mixture,  placed  in  a  matrafs,  is 
left  to  digeil  for  twelve  hours  upon  a  ilmd^ 
bath,  the  veffel  being  conftantly  agitated. 
When  the  folution  has  been  made,  and  has 
cooled,  it  is  paffed  tlirough  a  pici^e  of  linen ; 
the  undiflblved  refidue  is  treated  again  with 
the  fame  folvcnt,  diluted  fuiphuric  acid,  and 
muriate  of  foda,  and  the  liquor,  after  having 
b^oi  filtrated,  is  mixed  with  the  lirft.  When 
this  liquor  is  poured  into  boiling  water,  a  pre- 
cipitate is  formed  of  white  oxide  of  antimony, 
or  powder  of  Algai^oth,  which  is  to  be  waihed  in 
a  large  quantity  ^  f  .*  afer,  and  drieci  for  ufe.  In . 
this  operation,  the  muriatic  acjd,  difengaged 
by  the  fulphuric^  diffolves  the  oxide  contained 


358  ANTIMONY. 

in  the  liver  of  antimony ^  and  the  water  that  is 
added  precipitates  itf 

K.  Ufcs. 

74.  It  has  been  feen  elfewhcre,  that  the  numer* 
ous  labours  of  the  chemifis  upon  the  fulphuret  of 
antimony  were  undertaken  with  the  view  to 
prepare  medicines  of  a  great  degree  of  a&ivity, 
and  exempt  from  the  inconveniences  that  were 
apprehended  in  this  fubftance*.  Of  all  the  pre-' 
parations  that  have  been  fucceffively  invented, 
there  is  fcarce  any  which  is  ftill  employed  for 
medical  ufe,  except  the  A:erme^,  ih^Mntimonium 
diaphoreticum,  the  fulphur  auratum,  and  the 
glafs  of  antimony.  The  ufe  of  antimony  in 
pills,  or  as  a  medical  cup  has  been  laid  afide,  be-r 
caufe  their  effects  have  been  found  to  be  very 
variable  and  uncertain.  Several  other  prepara- 
tions which  fliall.be  elfewhere  mentioned  are 
alfo  ufed  as  medicines.  In  general,  the  anti- 
monials  are  emetic,  purgative,  fudorific,  and 
pe6toral.  Many  phyficians  doubt  the  efficacy 
of  the  fulphur  of  antimony  fufpended  in  ptifans 
and  deco6lions,  to  which  it  was  long  believed 
that  it  communicated  a  fudorific  and  attenuat- 
ing property.  The  powder  of  Chevalleraye,  or  the 
oxide  of  antimony  by  nitre,  treated  feven  fuc-. 
ceffive  times  with  this  fait,  and  lixiviated  each 
time,  has  long  fihce  been  laid  afide,  as  being 
deftitute  of  any  virtues,  and  too  much  .oxi- 
dated; for  it  is  at  prefent  fufficiently  afcerr. 

tained. 
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taincd,  that  antimony  in  its  metallic  ftate  has 
no  virtues,  that  it  affumes  more  or  lef&^^pwer- 
ful  properties  Avhen  it  is  combined  with  a  cer- 
tain proportion  of  oxigen,  and  that  it  loles 
them  again  when  it  contains  a  very  large 
quantity.  The  eiFeds  of  antimonial  medi- 
cines are  very  much  exalted,  either  by  the 
medium  ftate  of  oxidation  into  the  brown, 
orange,  or  yellow  colour,  or  by  the  combina* 
tion  of  thefe  oxides  with  fulphur  and  fulphur- 
ated  hidrogen,  as  is  feen  in  the  fulphurated  and 
hidro-fulphurated  oxides  of  antimony,  which 
are  known  by  the  appellations  of  kermes  and 
fulphur  auratum,  and  which  are  the  moft  aftive 
preparations  of  this  metal. 

75.  Antimony  is  ufed  in  many  of  the  arts': 
It  is  the  bafe  of  the  alloy  which  is  employed 
for  calling,  printing-types,  to  which  it  com- 
municates hardnefs.  It  is  often  made  to  en- 
tcr,  with  lead  and  tin,  into  rigid  hard  alloys, 
which  are  very  ufeful  for  a  variety  of  purpofes. 
The  oxide  of  antimony  is  ufed  in  the  fabrica- 
tion of  coloured  glafs,  enamels,  the  glazing 
and  painting  upon  porcelain ;  it  is  the  balls 
6f  the  yellow,  brownilli,  and  orange  colours, 
and  Ihades  more  or  lefs  approaching  to  that  of 
the  amethyft.  It  is  mixed  with  feveral  other 
different  oxides,  in  order  to  produce  a  great 
Variety  of  colours,  the  effe6ls  of  which  have 
'htkn  oWerved,  hut  their  caufes  not  yet  fuf- 
ficiently  appreciatedt 

Akticlb 
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AHTJCLjsi  'Km. 
Of  Tellurium. 

A.  Hi/lory. 

1.  MR.  KLA^RPTH  of  Berlin,  to  wliqm  yc 
owe  the  difcovery  of  Titqinium  and  Uranium^  ha? 
given  the  Latin  name  of  Tellurium,  which  I  ren* 
der  (in French)  by  the  word  Tellur^y  %p ^.hnttlf^ 
metal  which  he  difcovered  in  the  beginning  of 
the  fixth  year  of  the  Republic,  (end  of  the  year 
1797,)  and  made  known  to  tjie  fcie|vtific 
world,  at  the  public  fitting  of  the  academy  of 
Berlin,  in  Nivofe  of  the  faipe  year,  (January 
25,  1798).  This  appellation  was  adppted  iii 
coiifequence  of  thofe  which  he  had  given  to  the 
two  metals  already  mentioned.  Like  thofe,  it  is 
borrowed  from  fabulous  mythology.  It  were  to 
have  been  wiflied  that  this  celebrated  Pruffian 
chemift  had  derived  it  from  fome  chara6leriftic 
property  of  this  new  metal,  as  we  have  doi^e 
in  adopting  the  appellation  of  chrome  for  tl\e 
metal  difcovered  by  Vp-uquelin. 

2.  He  made  this  ijnportant  difcovery  iia  ^- 
amining  the  gold  ore  of  Muriahilf,  of  the 
mountains  of  Fatzbay  in  Tranfylvanja,  knowp 
by  the  name  of  the  white  ore  of  gold,  aurum 
paradoxuniy  aurum  problematicum.  Already  in 
the  year  1782,  Mr.  :\^uller  of  Reichenftein, 
had  fufpe6ted  the  exiftence  of  a  peculiar  metal 
in  this  ore.     Bergman,  to  whom  this  minera- 

logift 
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\<fgi&  had  fent  a  fpecimen  of  the  ore,  had  mot 
bjeen  able,  pn  account  pf  the  fmall  quantity 
pf  it  with  which  he  was  provided,  to  decide 
.whether  it  was  really  a  peculiar  metal,  pr  JDf  rely 
j^atimony,  with  whic^  it  has  fome  remarkable 
fimilarities  -  but  he  was  more  inclined  (o  jJie 
fofiner  opinion. 

S.  J^ftex  having  treated  this  ore  yfth  th« 
Bitrp-rnHfiatic  acid>  Mr*  Klaproth  pfecipit^^ 
and  re-diflblved  it  by  means  pf  pot-afh,  an(l 
afterwards  feparated  it  again  with  muriatic  acid. 
The  fubftance  feparated  from  thc^  alkali,  and 
depoiited  by  the  laft-mentioned  acid,  having 
beeiiL  heated  with  an  oil,  yielded  the  metal 
which  he  has  termed  Tellurium.  This  difcovery 
has  not  yet  been  (ince  confirmed  by  other 
chemifts,  as  the  minerals  in  which  Mn 
"Klaproth  found  the  Tellurium  are  yet  very' 
rare;  however,  the  talents  and  accuracy  pf 
this  illuftrious  chemift  are  fufficiently  known 
to  authorize  our  confidence  in  the  fads  which  he 
announces, 

B.  Phjifical  Preperties^ 

4.  Te^^lurium  is  of  a  white  colour^  apprpac]^** 
ing  to  a  lead-rgrey,  2^nd  polSfffes  a  comft^^rab^c 
dfgpre?  of  metallic  lul^^c  It  i%  y^Ty  J>r^ttle, 
Ojnd  eaftly  reduced  in^to  pow4ef;.  Its  tcxtui:e  is  ' 
^anjipllat^d  like  tli,at  p^  antimony,  gy.  Apw 
^effigeratip^x  it  ^ffuiif\es,  ^  pryi^allilie  ^nd  ipegular 
fpnH,  efpecially  at  its  fijf |Hcev  It^  fg^cifiq  gra- 
vity is  6,115. 

5.  It 
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fflHy  of  the  ofe^of  Fatzbayr  by  means  of  which 
]ac  not  only  ^xtraded  tlie  tellurium,  but  alfo 
fq)arated  it  from  other  fubftances  that  were 
combined  with  it,  fo  as  to  mafiie  au  exa^  analy- 
fy  of  thef  mineral  in  which  the  teUurmm  is  coii^ 
tained.  It  is  neceflary  that  I  fhould  her^ 
defcribe  his  procefs,  in  order  that  it  may  be  re*-' 
peated  by  thofe  chcmifts  who  may  have  fimilar^ 
ores  in  their  pofleffioiL 

X2.  By  (lightly  hei^tinjf  the  ore  with  fix  parts 
of  muriatic  acid^  and  fubfequently  boiling  it, 
^fter  having  added  to  it  three  parts  of  nitric 
a<?id,  a  confiderable  eflfervefcence  took  place, 
imd  the  whole  was  diffolved.  The  folution  diluted 
with  alittlediftilled  water,  was  mixed  with  a  fuffi- 
cient  quantity  of  qauftic  ley  of  pot-aih  todiffolve 
the  precipitate ;  nothing  more  remained  than  a 
brown  flaky  depofit,  confifting  of  oxide  of  gold 
and  oxide  of  iron.  The  alkaline  folution  of 
oxide  of  tellurium  was  mixed  with  muriatic  acid, 
fo  as  to  faturate  the  pot-afli,  and  a  very  heavy 
white  powder  was  depofited  in  great  abundance. 
It  was  by  reducing  this  powder  to  the  eonfift- 
ence  of  a  pafte  with  a  fat  oil,  and  afterwards 
heating  it  to  rednefs  in  a  glafe  retort,  that  Mr. 
Klaproth  Qbtained  the  tellurium  reduced,  partly 
fufed  and  cryftallized  at  its  furface  at  the  bot- 
tom of  the  retort,  and  partly  fublimed  and 
fixed  in  drops  at  the  curvature  of  the  veflTcI. 

13.  The  fame  experiment,  performed  upon 
the  three  other  ores,  the  graphic  gold,,  and  the 
two  of  Nagyag,  and  combined  with  the  pro- 

cefles 


for  feppating  the  different  fubftance& 
with  the  tellurium  in  them,  gave  Mr.  Kla- 
the  following  refults  relative  to  the  doci- 
»f  thefe  ores. 

'he  Ore  of  Fat^bajr,    f  Tellurium  -  ^  925,5 

AtLffum  Problmiati^  {  Iron  -     -  -  -    'jqfif 

ntaiin»,  acording  tQ  I  Gold  *     ^  .  «      2^5 

ilyfis    -    -    -    -    -  ■ 

lOOOjiCr 

^    ,1;. -xx  ^c   r Tellurium'-    -    -     60 

Tie  graphic  gold  of  F  g^yv_   .    .     .     ^^ 

iy&    -     -     -     '    -  \siJver.   -    -      -      10 


100' 


f telTurium      -      -  45 
e  yelW  gpld  ox^  of  l^^^  ,    -    -    -,  ^^ 

>  I  Silver  --   -    -    -  .  0^ 

LSulphur;  an' atom- 
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1 

i'  Lead  -    -    -    -  50 

Tellurium-    -    -  SS 

Gold    -  ..    -    -  8,5 

Solphnr    -    --  -  7,5 

•Silver  and  Copper  1 

Nothing  can  yet  be  faid  condenririg  the 
iifgy  of  the  ores'  of  telluriutt);  ^as  n6 
w  hithertb  endieavoured  to  cxtraS  tW* 
from  them,'  and-  they  havie^  only  bt«A 
t  with  the  view  to  ftparattt  the  gdldJ 


£,  Oxim 
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E»  OxiiabiUty  by  the  jtir* 

15.  When  we  heat  tellurium  with  the  blow- 
pipe upon  a  piece  of  charcoal,  it  burns,  after 
having  been  fufed,  with  a  pretty  lively  flame, 
of  a  blue  colour,  edged  with  a  greenifh  tinge  j 
it  is  entirely  volatilized  in  the  form  of  a  fmoke 
of  a  whitifli  grey  colour,  which  diffufes  a  pecu-' 
liar  fetid  odour,  that  Mr.  iEClaproth  compare)^ 
to  that  of  radifhes. 

,  16.  The  oxide  of  tellurium  appears  to  be  ex* 
tpemely  fufible,  for  nothing  more  is  required 
than  to  heat  it  in  a  retort,  in  order  to  obtain 
from  it  ainafs  of  a  ftraw-yellow,  which  ^exhibits 
a  radiated  texture  when  it  has  cooled.  .  It  i^ 
reduced  rapidly,  and  with  a  kind  of  explofion 
fefembling  a  detonation,  when  it  is  heated  in 
E  hole  made  in  charcoal,  and  furrounded  with 
this  fubftance.    . 

F.  Combination  with  the  Combuflihh  Bodies. 

17.  Mr.  Klaproth  has  only  pointed  out 
the  qombinations  of  tellurium  with  fulpjiur  and 
with  )iiercury ;  and  the  latter  combination  is 
merely:  indicated  by  its  eafily  forniing  an  amal- 
gam. It  appears  to  forin  with  fulphur,.  and 
undoubtedly  by  fulion,  a  gi'ey  fulphuret  of 
lead  of  a  radiated  texture  and  readily  cryftal- 
lizable. 

-•'  ;  .a  G.  jaion 
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G*  .ASion  upon  Water  and  the  Oxides* 

18.  We  find  no  information  in  the  memoir 
of  the  chemift  of  Berlin  concerning  the  habi- 
tudes of  tellurium  with  refpefl:  to  Avater,  and 
the  metallic  oxides.  However,  amongft  the 
fadls  which  he  has  defcribed,  there  are  feveral 
which  prove  that  its  attraftion  for  oxigen  is 
but  weak:  hence  we. may  prefume  that  it  can- 
not exert  any  a6):ion  upon  water,  nor  a  great 
number  of  metallic  oxides,  fmceits  own  is  fo 
cafy  to  be  decompofed,  as  I  have  already  men- 
tioned, alid  as  I  fliall  further  fhow  in  coniider- 
ing  the  reft  of  its  properties  of  which  I  ihall 
have  occaiion  to  treat. 


'   .i         .        .         . 

H.  A^ion  upon^ /f he ,  Acids. 


.  > 


19f  TlLLuiiiuM  feenis  to  be  very  fufceptible^ 
of^bdng  attacked  by  moft  of  the  acids :  thV 
information  which  its  difcovcrer  has  ^giveri  us^ 
refpe6ling  its  union  with  thefe  burned  fubft'ahces,^ 
is  the  following.  One  part  of  Tellurium  mixed*' 
in. the  cold  with  one  hundred  parts  of  conceh-' 
trated  fulphuric  acid,  ina  clofe  veffel,  caufes  this 
icid  io  alTume  a  fine  crimfon  colour.  On  ad-^ 
^iftg  watei",  4rop  ^y  drop  t9  this  folution,  the" 
colour  dlfappears,  and  the  fmall  quantity  of 
diflblv^d '  metir  is  depofited  in  the  form  of 
black  flakes.  The  fame  folutioti,  \vhfeii  heated;' 
equally  lofes  its  colour^  and  gradually  precipi- 

4  tales 
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tales  the  oxide  of  tellurium  in  a  white  powder- 
When  on  the  contrary  we  employ  fulphuri<^ 
acid  diltrfcd  with  two  OT  thr^  pa.r^  of  waters 
and  with  the  addition  of  a  fmall  quantity  o^ 
nitric  acid,  this  mixed  acid  diffolves  a  prett]^ 
confiderable  quantity  of  tellurium';  the  iblution 
is  clear  and  colourlefs,  and  is  not  decompofed 
by  a  larger  quantity  of  water.     'The  form  and 
other  properties  of  this  fulphate  of  tellurium  are 
not  known, 

20.  The  nitric  acid  eafily  diffolves  tellurium ; 
this  folution  is  white  and  confiderably  tranipar- 
cut.  When  concentrated,  it  fpontaneoufly  yields 
fmall  cryftak  of  a  white  colour,  light,*  and  in  the 
form  of  needles  aggregated  in  dendritic  fii^res. 
The  nitro-muriatic  acid  alio  diffolves  it  very 
eafily ;  a  large  quantity  of  water  added  to 
this  nitro-muriatic  folution,  precipitates  the 
oxide  of  tellurium  in  the  form  of  a  white  powder, 
which  is  foluble  in  the  muriatic  acid.  Mr. 
Klaproth  has  given  no  account  of  the  a£lion 
of  this  lad  acid  upon  the  metallic  tellurium. 

21.  All  tlie  pure  alkalis  precipitate  the  acid 
folutions  of  telluriuni  in  a  white  oxide,  foluble  in 
the  acids ;  an  excefs  of  alkali  re-diffolves  the 
whole  of  the  precipitate ;  it  is  feparated  again 
by  means  of  the  acids,"  employed  with  caution. 
If,  infteadi  of  pure  alkali,  we  make  ufe  of  an 
alkaline  carbonate,  we  like  wife  obtain  ajpre- 
clpita4:e,-  but  one  which  is  much  Ids  foluble  in 
an  excefs  of  the  precipTtdit 

22.  The 


2Sf.  Tht  aikalme  futphutefa,  ajdded  t5  the  aci«^ 
fbluik^^  df  ^lurittih,  fbrm  in  it  a  precipitate  of 
a  ^o^tf  br  blaekiih  colour,  accordingly  as  the 
nietkl  in  the  folution  is  more  or  lefs  abundantly 
oxigenated.  Sometimes  this  precipitate  i^e*" 
ibablis  tiifehidro-lulpiifira^^  or  orange- 

c^iloiited-bxides  of  antiinohyi  <Jr  the  iTerme^ 
aiid  the'  Suiffhur  Juratum  i  this  is  one  of  the 
^iialogie$wbichfub(i(i  betireeii  tellurium  and  an^ 
timdhy*^  ^  The^fulpbuXiated  orhidro-fulphurated: 

oiidebf  tblteyiumnbus  fbrftie4»  when  1^<^  upoo^ 

^  Md-hiit  pii^e  ^^cWteo^^  fefljms  with  a  f malb 
^Uie'lkuitey'  add'^s   volatilised  into    a  \rhite: 

23.' '  HW'  iftfufioh  6i  galls^j  pdured  into .  the^ 
eid  fottfttonsbf  teUf|rium;caufes  tfaem  to  depoiit- 

fiiky-  -precipitate^  ^of  k  dull  yellow  colour  - 
X'he  ptuflfeiW  of  ipdt^afli,  i^  aftsite  of  confiderable, 
Jiurity,  does  not  precipitate  them;  in. this  very^ 
Remarkable  property  tellurium  refembles  anti-^ 
taiony,  gold,  and  platgia,;  b^fides  thefe  four,,  there 
ts  no  other  metal  which  is  not  precipitated,  ot 
tJbe  acid  fdlutioui  (}f  w^is^^i^iiot^^^i^npofed, 
by.tiie  pi'ufliatejofpiat-ttfe* :  >  .. 

£4. '  Ziinc  slnd  iron  if parat^  tj?}]prium  from  its. 
acid  foliitions,  in  tJliie  if^etallic  ftate,  and  in  the 
form;  of  foD^JL  bfeid^  flakcJs,  fijfible  into  a  me- 
talMit^.biittionujk^p  b^rjain^.chii^  and  which 
reC^mgi  th^ir^jtefttje  by  ja.ere  fri^ion. , ,  Antipiony 
pi!!iifept$  tjiesifiwrie  Jif^ij^itati9iti  with\thc  \iq!A]d 
mtimt€imd  fi^plw^iOf  teliurian^,,  ;a  cofiyiucing 
pr£>oi:  :|hat  thefe  two  metaTs  are  really  very  dif- 

VoL-  V.  B  b  ferent 
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f^xm%  from  eatch  otli^.  Tm  pqflr<^s  the  fame 
j^roperty.  with  reifft^tp  t^  new  rOietal ;  iU 
iiowiatiQ  folutipiv :  mi^fi^  with  t|^;  of  tellurium 
m  t^  &me  a«i4  gi^§^  ^  l^Uc);  loel^lUc  jifc^ 

cipitot«,  .j.   J    /..  .    .r:::.v     ^         -'■.....;•..:/ 
-  S4# .  Th^oou^Ql  iol tc^luniun,  ppcK:d)pi^ted  i^'pin 
ite^mdi  £Qr)ut]on»^|l))^.J9if^Hs  of  the  ali^1ag,.:pc 
ifeofti  i^  alkaJime  f€4ut|o^  ^  hjjp  9^9/^^  cf  |^ 
acidt^  ase.  yely  eikfi^jp  ]i$<t^ciliU  hj  cIiascoaJK 
and.  Qd  this.  F^u^iiQxi  th^y  lofe  t^T  oic^igea  fa 
quicklj^v  that  t^egg  ^i^hibp^;  4*iW*K  *  liif, /c^i^- 
tikm,  a^  moAiott. ami  rjt|(jid«ty{  .thai.^jiy  ^I|fr.ca9x* 
pared  wHh  .a  dltiotiajbiou.    Iti^b  ifufl|«;fsspt:te 
mix    them    with  fatty  fubilances,     aii4  heat 
them  in  a  iett>rt>  in  o^der  to  obtain  thqm  in  the 
fiate  o£  metallic  tellwium^  partly  fi«fip;^a^d  col* 
tested  in  a  button  at  th0  -bottom  of  the  yelTeli 
and  partly  fiLblimed  into  £oJ[id    d|x>p3  at  its 
curvature.  »*         » 

"'     '  :  ■     .         •;•  .        .•■'■■■ 

I.  Ailum  upon  the  Bqfes  and  .the  Salts, 

Sf.  Mr.  lCLAFtei^#K  h$r»^faid*  nothing  eo^ 
cerning  the  a6iion  of  ^Iluriuih  ilpoti.  the  eaMhy 
and  alkaliiae  hafesw  It  Only  refult^  fibm  his 
iRvQ.  experiments,  that  the  ^oxide  of  this  metal 
ii^eaftly  ioluble  in  the  Wq^A  cauilic  alkalis. 
The  fpontaneoufi^  fufibn^tity  of  ^his  oxide  audli»« 
j^zes^Us  to  believe,  thit  it'Biay:  enter  witk  tlie 
earths  inta  vitrification,  and  that  it  is  cltpablq 
of  imparting  to  the  gkfe  a  {lra#--yello«^  colour* 
••    .       ■■'•    ^'  -   •       «?.  It? 
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27.  Its  cafy  combuftibility  affords  equal  rea- 
Ton  to  believe  that  it  may  be  fpeedily  burned  by 
the  nitrate  of  pot-adi,  and  by  the  fuper-oxi- 
genated  muriate  of  the  fame  bafe.  There  is  no 
doubt,  that  M'hen  mixed  in  the  iHtc  of  povidcr 
■with  the  laft  mentioned  fait,  it  will  inflame  and 
fulminate  by  percuffion,  as  i.i  the  cafe  with  fo 
many  othet-  metallic  fnbftances. 


.  Nothing  can  be  yet  Hkwll  'cbrtwfrtiii'lg: 
ifes  of  a  metal  fo  rccentlj'  difcovcred,  and' 
which  appears  hitherto  to  be  fo  fcavce.  But 
Hiould  it  be  found  in  other  ores  befide*  thofc 
of  Tranfylvania,  as  thercj  is  rcafdu  to  Iiope 
may  be  the  cafe,  it  cannot  be  doubted  that  it 
may  become  of  great  utility  in  the  arts,  as 
appears  from  its  extreme  fufibihty  aind  Its  flight, 
adhefion  with  oxigen.  Before  I  conclude  this 
article,  I  cannot  refrain  from  remarking  how 
important  an  acquifitiou  fcience  has  made,  in 
thfe  difcovery  of  a  metal,  which  feenis  to  hold 
a  middle  rank  between  antimony  and  mercury; 
which  is  very  cafy  to  l)e  fufed,  and  whicli  is 
obtaified  with  fuch  facility  from  its  ores ;  ahtf 
how  much  fuperior  advantages  its  difco'^ery 
promifes  to  mankind,  than  thofe  of  uranium  and 
titariium,  wliich  we  o\ve  to  the  fame  cllemift,  but 
tTie^eatment  of  which  is  fo  difficult,  and  theiV 
reduflibility  and  fufibility  fo  limited. 
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AnTrcLE  XIV. 

Of  Mercury. 

A.  Hijlory. 

1.  MERCURY,  which,  like  many  other  iw' 
tals,  appears  to  hare  received  its  name  from 
the  planet  ivith  which  it  \vas  compared  by  the 
Perltans,  on  account  of  its  nature  which  was 
I'lippofed  to  approach  to  that  of  goUl,  as  this 
planet  is  neareft  to  the  fun,  has  been  knowi 
fince  the  moft  remote  ages  of  antiquity.  From 
it  comparison  of  its  properties  with  thofe  of 
filver,  it  was  long  ago  ttrmed  qukk-Jilver, 
hydrargyrum.  In  the  fpecies  of  hieroglyphics 
that  were  formerly  employed  for  reprefenting 
bodies,  mercury  was  reprefented  by  the  com- 
bined figus  of  the  fun  and  moon,  or  of  gold 
and  filver,  linked  together  and  fiipported  upon 
a  crofs.  The  fign  of  the  gold  was  placed  in  the 
middle,  and  over  it  was  feen  that  of  the  filver, 
which  feemed  to  cover  and  colour  the  firft ; 
the  crofs  at  the  bottom  fignified  that  it  poflcfled 
acrimony.  Its  ufe  in  the  arts  bears  date  from 
2  very  remote  antiquity. 

2.  The  alchemifls  have  laboured  much  upon 
this  metal.  They  confidered  it  as  very  much 
refcmbling  gold  and  filver,  and  diflFering  but 
very  little  from  tliem ;  they  imagined  that  it 
■wanted  but   very  little   to  become  either  tiie 

one 
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one  or  the  other,  and  they  always  hoped  to 
dHcoverthe  means  of  tranfinuting  it  into  thefe 
metals.  Some  of  tliem  have  even  aflirnicd, 
that  they  had  fucceeded  in  effecting  thi.t 
ti-anfmuttition.  Thefe  adepts  agree  with  each 
other,  that  it  is  much  more  cafy  to  convert  it 
nto  filver  than  into  gold.  According  to  them, 
n  order  to  convert  it  into  filver,  nothing  more 
s  required  than  to  fix  it.  It  was,  therefore, 
n  this  fixation  of  mercury  that  they  made  all 
the  art  of  their  opus  magnum,  all  the  marvellous 
of  their  fcicnce  to  confift;  this  was  the  grand 
objed  of  their  attention,  and  the  fcope  of  all 
their  wiflies.  All  thefe  pretenfions,  however, 
are  not  fupported  by  a  fingle  well-atteftcd  faflj 
and  the  more  we  advance  in  the  ftudy  of  the 
properties  of  mercury,  the  more  differences  we 
find  between  it  and  the  metals  to  which  it  has 
ieen  fuppofed  to  approach  the  nearcft. 

3.  To  thefe  opinions,  exaggerated  and  hypo- 
thetical as  every  thing  belonging  to  the  pre- 
tended art  of  alchemy  is,  the  adepts  added 
another  fiill  more  abfurd  and  ridiculous.  By 
tormenting  this  metal  in  a  thoufand  ways,  and 
confidering  it  as  the  firft  and  moft  important 
objeft  of  their  rcfearches,  they  were  led  to  fuch 
a  pitch  of  extravagance,  as  to  pretend  that 
mercury  was  a  principle  of  all  beings,  that  it 
was  one  of  the  elements  of  Nature,  which  (he 
employed  in  the  compofiUon  of  many  fub- 
ftances;  that  it  was  contained  in  all  metals; 
Jience  they  diftiiiguilhed  two  fpecies  of  mer- 
fury 


I 
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cury,  that  of  the  philofophers,  the  principle  of 
a  great  number  of  fubftances,  which  they  pre- 
tended cxclufivcly  to  know  how  to  extraft,  and 
to  poflefs;  and  the  otlier,  the  conimoii  mer- 
cury, the  meicury  of  all  the  world,  that  which 
is  employed  in  the  arts.  Hence  arofe  the 
hypothecs  of  the  mercurial  principle,  or  of  the 
juercurial  earth,  which  Becher  has  difting- 
uiihed  fioni  the  otliei"  earths,  and  which  lie 
fuppofcd  to  exift  in  all  fubftances  that  are  at 
the  fame  time  ponderous  and  volatile.  It  will 
readily  be  believed)  that  no  cheniift  has  been 
able  to  demonftrate  this  pretended  earth. 

4.  WJio  woyld  imagiue  that  thefe  extrava- 
gant notions  and  hypothefes,  deftitute  of  all 
foundation,  have,  nevertlielcfs,  given  birth  to 
the  chemical  hiftory  of  mercury?  who  ihoulil 
coHcelve  that'  it  is  to  the  toilfome  refearchcs 
of  thefe  unfortunate  and  indefatigable  labourer; 
in  an  "ait  which  never  exifted,  that  we  owe  the 
firfi;  and  nifft  arduous  difcoveries  that  have 
been  made  upon  this  beautiful  metal  ?  Nothing, 
however,  can  be  better  demoiift rated  than  that 
fuch  is  really  the  cafe.  It  is  to  the  alcheraift 
that  we  owe  our  knowledge  of  the  volatility  of 
inercury,  the  ait  of  knowing  ami  obtaining  it 
iu  a  ftate  of  purity,  the  knowledge  of  its  i 
alterability  in  clofe  vefi'els,  of  its  oxidation  ^ 
{ire  and  air,  of  the  proceffea  required  in  c 
to  make  it  burn  by  preventing  its  diffufifl( 
itfelf  in  the  air,  of  its  principal  combination! 
of  the  immeufe  vaiiety  of  colours  of  its  pre* 

3  pitatesyl 
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^States,  of  its  falls,  and  their  diiferehtftatses, 
<if  its"%^oii  upon  mttals,  of  its  uaioa^Vith 
fulphtir^^  and  i&  al  'word,  of  its  principality 

'  5i  Tile  chemical  phyiicians,  ^m  their  purt,' 
-always  influenced  by  the  idea  of  -i^ropriatitfg 
mturai  bodies  to  the- treatment  of  difeafes,  off 
^minffhing  the  acrihiotiy  df  thofe  that  wei* 
too  a€live/  (^*  directing  their  effeftn,  &C;  Havi» 
perfoiteiJd  »^*'Ai*i?plicity  (Jf  operationfik  u^bii> 
ihei-ciify  iad  !<S^pKarmacfeUlical  firepar«ion&.' 
TOey^avr  tfHc^^^  it  a  great  humher-of 

propeffics/  iik^  mftde  if  entiit-  iiilo  a  vari^^y- 
ofdifflbrerit'  c^taipofil^iisf,  and  have  greatly  W*^ 
^at^d  otrr  Tindwledg*  c^  the  attraiftibni-ttt 
Vhtch- ft  OTres  All  the  Aiodifications  it  is  dapa- 
blcidf'rSceivii*^;    •''••-'■'  ^ 

*'6/'Theinoi*Mebrated|)hilofophfers,  and  th^ 
jnoft'^'-aMtf* -tlTeTniifts,  have  all  fucceffively  oc- 
ttlpied  dSfeiiSiftlvesf  with  this  mfetal ;  th*y  havtf 
endeavoured  to  afcertain  all  its  properties  with 
more  or  leTs  precifibn  ;' and  the  ufe  wh4chhas 
Been  'inaTO  of  it  fince  the  end  of  thelaftcen^ 
tury,  6if  fvAc6  the  time  of  Boyle,-  in  the  con^ 
ftittftion  6f  st  great  niitnber  'of  phildfophrcal 
inttriiments,  has'  aflforded  frequent  oceafion  for 
inTeftigatin^  and*  ^xamiiiing  its  different  charac- 
te!rs,'  'It  is  in  tMs  tnannei*  that  its  weight,  its 
phbfpfioflfdrcttoije,  its  dilartability,  its  ydlfttility, 
itialreribi&tv,  'Its  m  *c.    have  becii 
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the  properties  of  mercury,  -wliicli,  befides  is  on? 
of  the  moft  ufeful  of  metallic  fiibftances   for 
medicinal  purpofe*,    for  the  aits,  and  for 
thofe  branches  of  knowledge,  the  improvemei 
of  which  tends  to  accelerate  that  of  human  i 
fon  in  general. 


I 


B.  Pluifical  Proptrties, 

g.  MERCCRr,  a  metal  which  is  always  fl' 
M'hen  in  a  pure  ftate,  at  the  furface  and  in  tne" 
interior  of  the  globe,  is  one  of  the  moft  brilliant 
and  ftiining  of  all  known  metals;  when  its  filr- 
face  is  fufficiently  'clear,  it  forms  a  very  fine 
■mirror.  Its  colo\ir  iS  as  beautiful  as  that  of 
filver,  with  Which  it  has  always  been  conipared. 
After  platina  and  gold,  it  is  confidefed  as"  th'C 
hcavieft  of  all  known  bodies.  Its  fpecific  weight 
is  13,568,  taking  water  at  1,000.  Citizeii 
Gayton,  however,  places  the  tiingften  metal 
above  it,  to  which  he  afr ribes  a  weight  equal  to 
17,600.  Mufchenbroeck  has  reckoned  that  of 
jnercury  from  13,500  to  14,110,  according  to 
its  ditFercnt  degrees  of  purity.  Formerly  i^l"' 
aittiiars  were  very  particudar  in  obfcrving,  tti! 
alt  the  moft  ponderous  fubftances  fwam  up( 
lis  furface,  wiiilfi  goU]  alone'  funk  in  It ;  at  the 
prefcnt  day  we  have  Ui  add  to  this,  platina  and 
fungfreu. 

"^_10.  The  fUvifiinlity  of  tlu^  liqiiui  mefal  ifil 
^"j'lnjueule  nunjbcr  'J.f  fmall  glofcules,  f 
teni  'df 'tj'feflTurel'^ia^'  attriaed  the  anentft 


to 
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of  all  the  natural  philofophers  who  have  oo 
cupied  themfel?es  vith  it  Boyle,  after  having 
reduced  it  to  a  fiate  of  extreme  divifion  by 
AliiUation,  rqceiving  it  into  a  large  capital  of 
g\^&,  the  inner  fiuface  of  which  it  covered 
with  an  innumerable  quantity  of  globules,  dif- 
eorered  them  to  be  as  many  fmall  fphei^s  or 
mirrors^  which,  coUe^d  upon  the  glar8y  gave 
it  a  very  bright  white  colour.  The  manner  iu 
ivhich  it  paifes,  by  preflure,  through  the  pores 
of  prepared  ikins^  and  its  falling  down  in  a 
iilver-ibower,  alfo  prove  its  extreme  divifi* 
biiityi  which  is  likewife  apparent  from  the  ill 
efiefis  which  its  vapour  produces  upon  per* 
foQs  who  remain  for  fome  time  expofed  to  it. 
Liebknecht  tells  us  that  by  ftriking  a  globule 
of  mercury  fix  lines  in  diameter,  he  divided  it 
into  fuch  extremely  minute  globules,  that  he 
couU  perceive  100,000,000  of  them  with  the 
aid  of  the  microfcope. 

IL  It  is  not  furprifing  that  a  metal  which  is 

always  fluid,  of  great  ponderofity,  of  perfe£b 

brilliancy^  and  at    the   fame  time    Angularly 

volatile,  fo  ufeful  in  a  great   number  of  the 

arts,  fo  remarkable,  and  fo  different  from  all 

other  metals  in  its  combinations  and  chemical 

properties,  has  been  coniidei^ed  as  a  kind  of 

independent  body,  an  anomalous  fubftance,  and 

even  as  a  fort  of  principle,  capable  of  communis 

eating  to  other  bodies  a  part  of  its  charaderiftic 

properties.     It  was  the  water  w^hich  does  not 

wet,  aqua  non  madefaciem  manus^  of  fome  au- 

thors, 
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thors,  th6  movable  filver,  argentum  m6bik, 
of  fome  of  the  ancients  ;  appellatioiisr  of  which 
the  word  quick^Jilver  is  pfol^bly  a  tranfiatiotf. 
Jt  was  fuppofdd  to  be  a  powerfbr  agent  in  tlic 
operations  of  nature,  as  it  appeared  to  herk 
important  an  agent  in  the  operations  of  art.  ' 
J  2.  Neverthelcfs,  too  much  'ftrefs  lias  Becft 
laid,  in  the  fingular  notions  and  the  exag^ 
gerated  pr^tenfions  of  the  alchemifis,  upbn  the 
fluidity  of  mercury,  as  upon  an  indelrbte  pro* 
perty.  Boerhaave  ftill  aflerted  in  his  Elements 
of  Chemiftry,  that  mercury  could  not  be-  ren* 
dered  folid  by  any  degree  of  cold,  though  he 
admits  a  condenfation  of  ^f^  of  its  primitt?e 
volume;  a  cirpnmAance  which  cannot  take 
place  in  its  real  CQngelation.  This  affertton  of 
Boerhaave  and  otlier  philofophers  who  have 
followed  him,  was  proved  to  be  falfe  in  the 
year  1759;  in  which  year  the  academicians 
of  Peterfburg,  availing  themfelves  of  an  intenfe 
degree  of  natural  cold,  augmented  it  ftill  fur- 
ther by  a  mixture  of  fnow  and  fuming  nitrous 
acid:  the  mercurial  thermometer  which  they 
ufed  defcended  to  S 1 3  degiees  of  pe^Lifle's  fcale, 
which  correfponds  with  46 — 0  of  that  of  Reau- 
mur. As  the  mercuVy  did  not  defceml  any  lower, 
but  fieemed  ftationary,.  the  academicians  broke 
the  slafs  bulb  of  their  inftrument,  in-  which 
they  found  congealed  mercury,  that  formed  a 
folid  fubfta'nce  fufceptible  of  being  extended 
by  the  hammer.  They  thus  difcovered  that 
mercury  might  b<?come  folid,  and  that  in  this 

ftatc 
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ftate  it  ppffeffed  a  certain  degree  oi  du6lility. 
'They  remarked,  that  at  every  ftroke  of  the 
hammer,  the  prefliire,  developing  tha  caloric 
in  the  interior ^f  the  metal,  fufed  it,  and  that 
it  ran  into  globules. 

13.  This  firft  experiment  was,  in  fotnelnea- 
fure,  nothing  more  than  a  hint  to  philofophers 
concerning  a  property  unknown,  arid  till  then 
even  denied,  in  mercury;  it  has  fince  been 
oiften  repeated,  and  of  late  it  has  become  as 
eafy  and  fimple  an  experiment  as  moft  of  tliofc 
that  are  mad^  in  chemiftry.  In  the  year  17?2, 
Pallas  caiifed  mercury  to  congeal,  at  Krafnejark,. 
by  a  natural  cold  of  — 554  deg.  of  Fahrenheit's 
fcale ;  it  was  <)bferved,  that  it  then  refembled 
foft  tin ;  that  it  could  be  flattened ;  that  it 
bro'kc  ealily,  and  that  its  fragments,  when, 
brought  into  conta^Sl,  were  glued  or  fold^reci^ 
together,' as  happens  in  all  other  foftened  metals :, 
however,  it  is  evident,  that  he  did  not  obtain 
its  real  converilon  into  a  folid,  or  complete 
concretion,  as  the  mercury  was  ftill  foft  and 
only  in  a  ilate  of  femi-congelation.  Jii  the  year 
1775,  Mr.  Hutchius  obferved  the  fiCme  donge- 
I^tibri  at  Albany- fort,  and  Mr.  lacker  ftt  Rotter- 
dam^ m  1776,  at  56  deg.  below  0.  In  the 
year  I7B3,  the  congelation  of  tnercnry  was 
eiTei^ed  in  England  with  a  lefs  degree  of  cold ; 
jl^d  Mr/ Gavendilh  h'as  proved  3^— 0  of  Reau- 
&ur*s  thermonteterto  be  the  real  degree  at  which 
/4't  took  plaec- 
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14.  In  tne  Polytechnic  fcbo6I,'witmn  a  few 
days  after,  its  inftallatioh,  on  the'lS  jSTivofe  of 
the  3d  year  of  the  Republic^  (Jahi  '5,  1795), 
the  experimetit'of  the  congelation  of  mercury 
was  performed  by  refrigerating  mixtures  of  ice 
and  muriate  of  foda,  of  ifce  and'  nitric  acid. 
The  temperature  of  the  atmofpliefe  being  9-0^ 
a  thbnrioraeter  with  alcol^ol^  AeiTcehdftd'  by  the 
refrigeration  of  thefe  mixtures,  ufed  alternately 
as  baths,  to  31 — 0.  Mercury^  in  a  flate  bf  cbnii- 
derable  purity.  incTofed  in'butbs  of  thin  glafs, 
and  imineifed  in  this  cold  of  31 — 6,  palled  into 
the  folid  ftate.  At  the  moment  when'  the  con- 
gelation  took  place,  the  perfon  who  held  the 
tube  of  glafs  in  his  hand  perceived  a  flight  con- 
cuffion,  produced  by  a  fudden  retreat  of  the 
fixed  metal;  afpecies  of  phenomenon  whicli  is 
alfo  .  percei  ved "  very  fenfibly  when .  phofphoTiis 
becomes  fixed.  A  manifeft  cryftallizati'on  into 
very  fmall  o6l;ahedrons  was  obferved  in  the  mer* 
cury.  Pelletier  having,  placed  this  folidified 
mercurjf'  in  the  hollow  pf  his  I^d, 'jekperienceif 
a  pair^fiil  fenfation,  which  he^  Qom)are4'-  to  a 
burn.  The  part  of  the  Ikfn  which  h^dr^dm?<l 
for  a  certain  tune'  in  centaft  wkh  tKis  fub- 
ftauoe,  exhibited  a  white  fpot,  which  after wbtds" 
became  re?d,  and  remained  very  vifible  during^ 
feveral  *  days  fubfequeht  to  the  experiment.* 
This  mercury,'  beiiig  bejat  uppri  an  anyu,  of  fEeet/ 
and  with  a  hammer  cooled  lb  \%  was  Very' 
much  -  flattened^  aiid  ihowed  W  Tuflicienfiy 
marked  duftility.  ..':.•' 

15.  The 


b^«eglf,t^.xapacity  of  folid  an4  tJft^tidf 'li<^4 
i^^^cu^jiff.^^fhja^^nifich  caloric, it  abfofbod  iH' 
Qj^cri^  lglf^§.  Jiqupfi^ :  this  they  did,  susf  fa«5 

^ld5a%Ji?fHfe«%ot^r-.F^^^^^^  by.. mixing,  i«  % 
follow  piece  of  charcoal,  folid  xf^cnny.aj^ 
C^3H;^(f  i^^t^iftuidi  m^<iury  at  a+O-  Tha  rdVlt 
of  ,tai?ge»tfire  >vhiph  they  obtaiuied  ted  them; 
^  9$^^}|id^,i^  not  with;  pe^feft  accuracy^  at? 
l^fi^  Hiixi^ /IBf^nne^  approximating  to.;  it^^  that: 
t^f|^J^ef^n^y^ab{^^  in  order  to  its  ftiifioii, 
^oQ^liJitjg;  jof  caloric,  ;v^hiehi  if  transfei^dfrt^ 
tiii|if^flp^,propojrj:iflTi  of  ^H  mercury,  wotild^ 

i:afiC^.^jtf mperatur€  by  nearly  69  degrees,  /  that' 
i|5»Jgj^y).,>^uM.heaJ.  it  to.  ne^r  3 8 -{r-0  Reaumur^ 

* 

ti^^^^as  eonTieguently  much  le&  dilatabjq;byr 

^rS}l^P$bJP;9^!P^^1^^  of  oaloiic;  in  its  folid  tha^!^ 
i«tifey<lftS..ftate.;  .,     ^        ^     .         r 

.Y^^V  Tjlji^refuiJt,;  which  i3,iiQt  yet  rigoroiiffly: 
C«M^  except  ,^3  confidered  in  a  general  P9yi% 
Qf cjjyif^y.xoingides  with  a  Angular  prop^ty* 
w^chr  -^^  ^i^  very  feequeatly  obferved  iii 
Q^cr^ry^^ixamely,  that  at  the  moment  of  itsr 
co^ge\2Jti(mf^  the  mercury  fuddenly  contra6^ 
iB^^5^i^f(id;erable  degree,  which  is  the  caufe  c^ 
t^  £J;if)cHjjM  ppncuijipn  that  is  felt  in  boldinjj 
tbp;}^€^la.iA  which.this;  congelation  is  effe6led^ 
Thia^rfhepgmiJijQn  has  evea  deceived  feverajj^ 
qht&f^v^vSy  w}iOf  ijay.confidering  the  converfiojiy 
c£  VBfSXQU^y. '^  have  judged  .of ;  tlw^ 

r^^iSl^fD^  .^ 'i^mperature    at   wimh   it  too^ 

place, 
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place,  by  adopting  as  a  meafure  of  thi^  tediie« 
turn,  the  point  to  which  ^  this  theta!  had  Itltef* 
seuded  in  the  thermometer  at  the  Vciy  ipomeiit 
of  its^  coiVgelation,  a  point,  which,  befides  the 
prodttd  of  the  congelation,  exfaibite  aUb  the 
eife6i  of  its  fudden  ibriiiking  orinfianlataebus 
contraction* 

17*  It  has  been  concluded  from  tbe^  flfttlen* 
.  ing  which  folidified  mercury  ejcperitoces  from 
tile  percuflion  of  the  hammer,  that  tbi$  tnetal 
pofleifes  a  certain  degree  of  du3ilily,'and  it  is 
on  this  account  that  I  have  placed  it'  together 
with  zinc  in  the  third  diviiion  of  the  metals, 
which  have  the  chara6ler  of  femi-duftility*  But 
it  is  very  evident,  that  this  property  is  extreme- 
ly  limited,  that  it  cannot  even  be  aicettained 
without  many  difficulties,  and  that  it  is  as  yet 
far  from  having  been  fufficiently  appreciated. 
The  precaution  has  not  even  been  ufed,  ekcept 
in  the  laft  mentioned  experiment,  which,  how- 
ever, could  not  be  carried  far  enough,  of  em- 
ploying, for  the  purpofe  of  trying  thexnallea- 
bility  of  mercury,  inftruments  cdolerf  to^that 
lownefs  of  temperature,  which  alone  can  retain 
it  in  its  folid  ftate:  it  has,  therefbrt,  been 
(peedily  liquefied,  and  almoft  at  tlie  firft  ftrokes 
applied  to  it  with  the  hammer,  efpecrally  m  the 
firft  trials;  for  in  thofe  of  the 'polytechnic 
fchool,  the  fteel  anvil  arid  the  Hammer  having 
been  cooled  to  17 — 0,  the  folid  ball  of  mercury 
received  feveral  ftrokes  without  either  cracking 
or  being  fafed ;   and  it  was  only  in  the"  ftiW 

:  cf 


BIEHCURT.  38^ 

of  a  flattened  ball  that  Citizen  Pelletier  placed^ 
and  held  it  for  lometime  in  ^he  hollow  of  his 
hand.  Wt  therefore  do  not  know  either  the 
tenacity,  the  hafdnefs,  or  the  elafticity  of 
percury  J  wi^  cJnly  kndw  that  it  poifefles  thefe 
properties  iu  a  very  inferior  degree; 

18i  Formerly  much  ftrefs  was  laid  upon  ih6 
dry hefs  of  mercury,  and  its  property  of  not  wet-^ 
ting  other  fubftances;  and  it  is  certain,  that 
this  liquid  metal  does  not  attach  itfelf  to  any 
of  the  bodies^  that  are  wetted  by  water,  the 
oils,  or  other  liquidSi  But  as  this  property  of 
fretting  manifeftly  depends  upon  the  fuper- 
ficial  attraftidn,  whjch  thefe  liquids  exert  upon 
the  bodies,  it  is  evident,  that  the  reafon  why 
toercury  does  not  wet  themj  or  does  not  at-* 
tach  itfelf  to  their  filrface,  is  becaufe  it  has 
little  attra6lion  for  that  furface:  thus.it  really 
wets  the  fubftances  with  which  it  is  able  to 
iinite,  fuch  as  -the  metals  which  it  diffolveSj 
gold,  filver,  tin,  lead,  &c.  and  we  cannot  clear 
it  from  the  ftirface  of  thefe,  to  which  it  ad- 
heres ftrongly,  except  by  the  aClioh  of  fire, 
in  which  they  are  not  fufible,  or  by  chemical 
operations  employed  in  order  to  deftroy  the 
re«l  combination  which  it  has  formed  Muth 
thepii 

19.  As  a  metal  always  fufedj  always  liquid 
at  the  temperature  of  our  climates^  iiiercury 
conftantly  aiFefts  the  form  of  perfeSl  globules 
trhen  it  is  divided.  When  inclofed  in  a  glafs 
|>hial  or  tube,  its  furface  is  convex,  which  de- 

VojL.  Y*       "         C  c  pcnds 


aigitating  it  with  very  dry  bfeiid-'crtrtnb,^bran, 
and  other  deficcathig  means  6f  a  like  nature^ 
it  is  oti  account  of  this  eafy  procefk  of  diftifla-» 
<ion,  that  chcrm Jft^  have  confidef ed  mercury  ats' 
the  moft  volatile  of  all  metak/ 

SI.  In  its  teduftion  into  vapoin*  by  means  6^ 
fire,  and  its  fubfcquent  Condenfa€io#,  mercury 
tiftdergoes  no  altefatron,  if  the  ▼effels  ^fed  for 
this  opetatiotif  do  not  cpnta:m  much  air,  if  thc^ 
apparatus  be  well  clofed,  and  if  the  mercurial 
vapcAir  be  fpeedily  condenfed  by  the  cotirtadi;  of 
l^e  cold  water.  The  diftillation  is  nothing 
itoore  than  a  mere  |)hyfical  change  of  ftate  and 
fpf m,  effe^ed  in  the  mercui^y  by  the  6|>efation 
of  fire,  but  it  fulFefs  no  chemical  alteration. 
Boerhaave  had  the  patience  to  diftil  mercury 
^10  fiicceffive  time.s>  without  its  fuffering 
any  alteration ;  he  only  imagined  that  he  ob- 
ferved  the  metal  had  become  mol*e  brifliant, 
pOnderttus  and  liqfuid"  than  it  was  before.  In 
faft,  he  obtained  in  this  laborious  experiment  » 
fmall  quantity  of  grey  powder,  which:  appeared 
fo  hiih  to  be  nothing  more  than  mercury  in  sf 
ftate  of  extreme  divifibw,  and  which  Required 
only  fo  be  triturated  in  a  mbrtar  iit  order  to 
ireftore  i-t  to  the  ftate  of  bi'iWiunt!  hquid  -mer-« 
cury^  We  fliall  foon  fee  th*at  this  was^  a  Imalt 
quantity  of  the  black  oxide  of  this^  metai 
'  22.  The  alchenrifts  conceived  th^  expofur€ 
4f  mercury  to  a  h%h  tetnpigrattiTg  to  be- a  means^ 
of  fixhig  it,  or  of  depriving  it  of  its  fiifibility 
and  volatility.     For  i\m  purp6f(^- fev^ral  have 

adviied 


advi^  4o  in(Cla&  it  in  thick,  and  very  flrong 
yeffels,  and  in  this  manner  to  fui>je6t  ^t  Jo  thp 
iaflion  of  a  yy^ji%  fire  fpf  a  longer  or  fhorter 
tinae;  bujb  ihe  jtrials  of  thi$   ki»d,«  that  hayje 
been  made  h^ye  onjy  proved   that  this  mefal 
is  in  the  iaiDie  predicament  with  all  thofe  that 
are  very  exp^nfiblp  apd  yolatiljB,  and  that  fo 
far -from  being  able  to  fix  it,  tlie  eff^^  pf  the 
fiwe  is  only  to  feparate  its  mol(5pules  fjx)m  each 
^tJier,  tp  tb^t  degree,  that  in  a  ft^te  pf  gre^t 
^xpanfion,  it  forcibly  breaks  to  piepes  all  tjie 
.obftacles  tjiat  oppofe  this  feparajionp     Hellot 
:}ms  ri&lated  to  the  Academy  of  Sciences,  tliat 
^  perfon  wjio  wiihed  to  fix  mercury,  introduced 
^  cerl^ain  quantity  of  it  into  a  very  weH-foI* 
dered  glob^  of  iron,  which  he  threw  into  the 
fniddle  of  a  burning  fire ;  but  fca^Cfsly  had  it^ 
become  jred-^bot,  when  the  mercury  burft  its 
receptacle  vith  a  Joijd  report,  and  flew  out  of 
fight    '  The  faiBC  phenomenon  occurred  in  the 
jioufe  pf  Geoffroy,  the    apothecary.     An  aU 
phemiiik  fiUed  a  ball  of  iron,  which  he  imilofed 
in  fcveral  other  fpheres,  the  laft  of  which  was 
fecTa:^e4  by  twp  very  ftrong  hoops  6f  iron  placetl 
crofe?pwife,  andthrcAV  the  apparatus  into  a  well- 
heated  furnacp  jji  order  «1:o  make  it  red-hot^ 
;^er  a  <:ertain  perjod,  the  mercury  burft  its 
encloAir^  Avith  a  loud  noife,   and  the  frag- 
pients  of  iron  were  thrown  piit  with  fuch  force, 
that  they  penetrated  through  walk  and  parti- 
tio)ii$  ^Ji;e  boinbTlhellSf     The  fame  experiment 
'  ipay  lb?i  ittad^  without  the  fame  danger,^  by  ir» 
. '  f  lofing 
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clofing  mercury  in  fmall  glafs  bottles,  clofed 
at  their  extremity  by  the  heat  of  a  lamp,  and 
throwing  thefc  bottles  into  the  midft  of  the 
coals  in  a  furnace  placed  in  the  open  air. 
Thefe  veffels  burft  with  a  report,  and  the  mer- 
cury,  having  nothing  to  refift  its-  expanfion, 
flies  into  vapour.  ^  ^    ' 

23.  Mercury  is  a  very  good  coridu^r  oF" 
eledricity  and  of  the  animal  property  known 
by  the  name  of  Galvanifm.  Its  electrical  pro- 
perty is  probably  the  caufe  of  the  phofphore* 
icence,  and  the  confiderably  bright  light  which 
)t  emitS)  when  it  is  agitated  in  a  vacuum.  This 
phenomenon  was  firft  cbferved  in  the  year 
1675,  by  P^card,  ar  French  geometrician,  and 
member  of  the  Academy  of  Sciences  at  Paris. 
•This  philofopher,  as  he  was  carrying,  during 
the  night,  in  a  dark  place,  a  barometer  that 
had  been  kept  for  feveral  years  in  the  ob- 
fervatory  at  Paris,  obfer ved  that  the  mercury 
whilft  it  was  fliaken  in  the  tube,  threw  out 
luminous  fparks  fimilar  to  thofe  which  are  emit- 
ted by  phofphorus  when  expofed  to  the  air. 
This  experiment  was  then  repeated  upon  feveral 
other  barometers,  and  only  one  was  found,  be- 
longing to  the  celebrated  aftronomer  Cailini, 
which  exhibited  the  fame  phenomenon.  Men- 
ken was  made  of  this  property  in  a  Treatife  on 
Thermometers,  Barometers,  and  Hygrometers, 
publifhed  at  Paris  in  1686,  and  at  Amfierdam 
in  170^.  The  journals  of  the  time  alfo  fpeak 
of  it;  but  twenty  five  years  elapfed  before  its 

exami'- 
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examination  was  refumed.  The  celebrated  Ber- 
nouilli  defcribed  in  the  year  1719,  in  a  work 
profeffedly  written,  di^  mercurip  lucente  in 
vacuo,  or  the  manner  lof  conftru6ling  luminous 
barometers,  and  propofed  a  kind  of  clepfydra 
formed  by  this  jnetal,  flowing  out  of  one  tube, 
into  another,  and  which  during  the  nighty 
ihouW  indicate  the  hour,  by  the  progreffive 
and  proportional  diminution  of  the  phofphore- 
fcent  column.  S'Gravefande,  Weidlcr,  Haukef- 
bee,  Homberg,  Leibnitz,  occupying  themfelves 
with  the  fame  property,  macle  more  or  lefs  in- 
genious applications  of  it  to  luminous  iliowers, 
^lining  ftreams,  pBrpjetual  lamps,  and  cpmpa^ed 
this  phofphorefcence  Avith  that  of  fevei-al  other 
fubftances*  Natural  philgfophers,  whijft  they 
confirmed  the  exiftenqe  of  this  property,  foon 
difcovered  thait  it  wa^  pot  conftant,  that  it 
varied,  that  it  obtained  pnly  in  hot  ajad  dry 
wjeather^  ^jitl  M^hexj  thp  y ac^um  wa$  perfe6i:, 
and  the  jnercury  very  pure,  and  that  it  even 
became  gradually  weaker  in  proportion  to  tlie 
diminution  of  all  thefe  conditions.  It  has  been 
difcovered  that  this  phofphorefcence  is  an  elec- 
trical phenomenon,  which  takes  place  only  in 
p.pjifequence  of  the  fiiftion  pf  the  mercury 
againft  the  fides  of  the  tujbe,  and  that  the 
mercjjry  dpe§  pgt  thereby  fiiffer  aijy  fenfible 
alteraj^ioii, 

24.  A  very  peculiar  fmell  and  tafte  are  eafily 
recognizable  in  mercury.  To  convince  ouifelye^ 

that  it  poffeffes  this  property,  nothing  more 

.'■•"'•  •  • 
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is  neceffary  than  to  iiib  it  for  fome  time  be* 
tween  the  hands,     The  /kin  retains  a  coniider-r 
tie  quantity  of  it,  apd  it  is  fufficiently  diffufed 
npon  t|iis  organ  for  the  ©Ifa^ory  nerved  toi 
be  fenfibly  afFefted  by  it,    \^lfo  when  we  pafe 
it  over  t]ie  tongue,  a  kind  of  acyid  tafte,  ofan 
^uftere  and  metallic  nature,  is  perceived,  whichj, 
though  analogous  to  that  of  feveral  0ther  me- 
tallic fubftances,  has  neverthelefs  a  very  diftin^fe 
peculiar  charafter,  whicji  one  may  learn  to  difr 
tinguilh  by  habit:.     It  is  to  this  tafte  that  feve- 
Tal  phyficians  afcribe  the  property  which  mer? 
cury  is  well  Jcnown  to  poflefs,  of  killing  fraall 
infe6ls  and  worms;  and  it  is: to  the  fame  alfo 
that  feveral  attribute  the  effefts  of  this-nietal  in 
fome  cutaneous  alTe^ions,  the  caufe  of  which 
they  have  at  the  fame  time  imagined  they  had 
difcoyered  and  explained,   by  ftippofin^  them 
to  be  produced  by  microfcopical  infefts,  though 
their  ex^ftence  has  never  been  accurately  proved 
nor  admitted  by  a  great  number  pf  ot^er  per-? 
fons  of  tj^e  profefliqn. 

C.  Natural  Ili/iori^. 

25,  There  are,  as  yet^  only  four  well-known 
flates,  or  four  well  afcertained  ores  of  mercury 
in  the  interior  of  the  earth :  the  firft  is  na- 
%ivc  mercury,  and  thp  fecond,  the  alloyed  oramaU 
gamated  mercury ;  the  third  is  the  red  fulphu- 
ret  of  this  metal,  and  the  fourth  the  red  muriate 
pf  nipycury.     In  general,  the  oyes  of  mercury 
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do  iiot  fexift  in  nature  in  fo  gre?ft  quantity,  noj 
in  fuch  large  mafles  as  thofe  of  maii^  other  me- 
».ls.  They  are  a  great  fourCc  of  wealth  to  the 
countries  in  which  they  are  found  ;  Spain,  the 
Palatinate,  Friuli,  and  foipe  provinces  of  Ame^ 
ric^  are  the  countries  moft  favoured  by  nature 
With  rcfpe6l  to  thjs  produftion,  which  is  ufefol 
jn  a  great  number  of  the  arts, 

26.  Native  mercury,  which  has  been  termed 
virgin  mercury,  is  found  in  the  form  of  liquid 
globules,  which  are  very  eafily  recognized  by 
their  brillig,ncy  and  liquidity.  It  is  commonly 
found  in  tender  and  friable  earths  and  ilone^j 
and  frequently  interpofed  between  'the  fiflur« 
and  the  cavities  of  its  o\yn  orbs,  efpecialiy  of 
its  fulphuret.  It  is  feldom  perfectly  pure,  and  * 
Frequently  contains  fome  other  fnetal  wlt}i 
which  it  is  alloyed  ;  but  when  |t  is  fufficipntly 
liquid,  it  is  confidered  as  pure  or  really  native. 
A*  Ydria,  and  in  Spain,  and  America,  it  is  col* 
lefted  in  the  cavities  q,nd  clefts  gf  the  rocks, 
into  which  it  filtrates  from  all  fides.  It  i$ 
found  liquid  in  argil  at  Almaden,  and  in  the 
beds  of  chalk  in  Sicily.  It  is  ^Ifo  foupd  }n  the 
ores  of  filver  and  lead,  and  even  mixed  with 
^he  arfenious  acid,  or  white  arfenic. 

27.  Mercury,  alloyed  with  other  metals,  ex^ 
ifts  more  ^;bundantly  in  the  earth  than  native 
mercury,  asjhe  latter  is  rarely  perfe6lly  puie,  and 
free  from  combination  with  any  other  metal. 
It  is  fometimes   in  fuperficial  layers,  extended 

Bvef  ^h«  f^rface  of  the  gang^e,   mi  fowp- 

4  times 
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times  in  folid  grains  which  adhere  %o  and  line  its 
cavities.  The  proportions  of  thefe  two  Compos 
nent  metals  vary  greatly:  frequently  the  propor--- 
tjon  of  mercury  is  fo  large  that  the,  amalgani. 
is  of  the  confiilence  of  a  pafte,  or  femi-liquid. 
Beiigman  alfo  fpeaks  of  the  native  amalgam  of 
gold  and  bifmuth.  Some  mhieralogifts  affert 
that  the  amalgamsi-  of  filver  is  found  cryftaU 
lized. 

28.  The  red  fulphuret  of  mercury,  known  by 
the  barbarous  name  of  cinnabar,  is  an  ore 
which  varies  in  its  tints,  from  the  lively  and 
brilliant  red  of  vermillion,  to  a  brown  colour, 
fimilar  to  that  of  feveral  of  the  oxides  of  iron; 
its  .  weight  is  pretty  confiderable  ;  ^ufcl^enr 
broeck  has  eftimated  it  at  2,g33 ;  Mf.  Kirwan 
computes  it  at  7*000^  Sometimes  it  is  jn  com* 
paft  mair([?s,  fometimes  lamellated,  compofing 
part  of  veins;  fometimes  it  is  in  fmall  cryftals 
of  an  indefinite  figure^  which  Mr.  Kirwan  alferts 
to  be  cubes,  and  others,  triangular  prifms  or 
pyramids,  of  a  tranfparent  ruby  red ;  it  is  ^Ifo 
found  in  powder,  of  a  brigljt  red  cqlour,  or  in 
the  foiHP  of  an  efflorefcence,  which  is  termed 
]Si^t\vt,v^rmilian,  ov  Jlowevs  of  cjnnabar.  It 
has  naturally  no  metallic  luftre  ;  however,  this 
luftre  is  feqn  in  the  pijeces  recently  brqlcen,  but 
it  Qonftantly  difappearsi  to  give  place  to  the 
b<?^.utiful  red  Colour  which  charaderizes  it  when 
tbc  broken  pie.ge  is  fgraped.  Citizen  Haiiy 
found  that  pie«e&  of  a  perfe6ily  lamellated  tex- 
ture, .divided  themfelves  very  neatly  into  layers, 

parallel 
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parallel  to  the  faces  of  a  regular  hexahedraJ 
prifm.  According  to  the  fame  mineralogift,  the 
frafture  of  this  ore  ia  rugged  in  the  direction  of 
the  bafes  of  the  prifms  juft  mentioned.  He  fay;^ 
moreover,  that  he  has  never  been  induced  to 
apply  the  theory  of  cryftals  to  this  fpecies. 
We  alfo  find  the  fulpburet  of  mercury  mixed 
with  ftones  or  faud,  which  are  then  red  and 
very  ponderous. 

29*  The  fourth  fpecies  of  ore  of  this  metal  is 
the  muriate  of  mercury*  It  is  alfo  termed  cor- 
ntous  mercury^  or  mercury  mineralized  by  the 
,  muriatic  acid.  Mr,  Woulfe,  an  Englifh  chemift, 
was  the  firft  who  difcovered  this  mineral,  at 
Obermufchel,  in  Deux-Pbpts;  it  is  always 
mixed  with  a.fmall  quantity  of  fulphate  of 
mercury.  This  native  fajt  is  brilliant,  white, 
and  lamellated;  fometimes  it  is  found  of  a 
yellow  or  bl^ckilh  colour,  mixed  with  fulphuret 
of  mercury.  The  muriate  of  mercury  exifts  in 
it  in  the  fuper-pxigenated  ftate. 

30.  To  thefe  four  very  diftin6l  fpecies  feveral 
mineralogifts  have  added  fome  other  ores  of 
mercury,  which  have  however  not  been  gfee- 
rally  acknowledged,  or  which  mahifeftly  belong 
to  other  metals.  Citizen  Sage  has  defcribed 
a  native  oxide  of  mercury,  which  came  from 
Ydria,t  in  Fxiuli,  of  a  brown-red  colour^  very 
mildi  and  of  a  granulated  fra6hire  mixed  with 
fome  globules  of  liquid  mercury.  He  affures 
us  that  this  ore  is  ri^duced  aWiie^  aod  with- 
put,«ny  addition,  into  liquid  mercury^  :by  the 
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a£lion  of   fire#.    Mn  Kirwan  .confiders  it  as 
jiartive  carbonate  of  tmerciity ;  i%  cimtains  0,91 
of  mercury.     Baron  Bonn  alfo  fpeaks  of  ana^f^ 
tive  Q^ide  of  mercgry,  in   his  ininar^logicaS 
^talogue  of  the  cabinet  iof  Madamoiielle  d  c? 
]R,aab.     Ci-on1ledt>  in  Jiis  Mineralogy,  has  nie»^ 
tion^  an  ore  of  nxercury,  in  which  this  metal 
is  combined  with  fnlphur  and  popper ;  accord* 
ing  to  his  defcription,  it  is  of  a  blackiih-grey 
colour,  brittle,  and  yery  ponderous  j  its  frac- 
ture  is  vitreous;  it  decrepitates  in   the  fire; 
it  is  found  at    Mafchel-Landiberg,      Citi«^ 
.Monnet,  in  his  Sj(/ii^me  de  Minerahgiey  \m 
mentioned  an  ore,  brought  in  the  year  1766 
fron^  Dauphin^,  by  Montigny,   in  which  he 
fays  he  has  found  inercury,  fulphur,  arfenic, 
cobalt,  iron,  aind  lilver.     But  as  this  is  only 
a  grey    and  friable  mixture,   containing  not 
more^  than  y^  of  ipercury,   and  -5^  of  fil- 
ver,    it  is   evident  that  it   ought  not   to   be 
reckoned  amongft  the  opes  of  mercury.  Finally, 
Baron  Born  has  alfo  fpoken  of  an  alkaline  fuU 
phuret  of  mercury ;  but  thp  modern  mineralo* 
gifts  juilly  confide?'  its  exif^ence  as  very  doubt-* 
.ful.     It  is  evident  that  none  of  thele  four.laft-» 
nreptioned  ores  ought  to   be   added  to  thofe 
which  \  have  indicated  as  conftaht,  fUfficiently 
diftinfit,  and  well  marked,  except  the  carbonate 
of  mercury,   or  the  illative^  oxide,  were  its  ex« 
iftence  w^ll  afeertaiijed  j  for  that  of  CrQnftedt 
is   nothing   but  a' cupreous    pyrites^  or   ful* 
phuret  of  copper,  containing  njercury,  proba« 
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b!y  dilTeminaied  in  it^  but  not  combined  with 

it. 

i)i  Jj^axf  and  Metallurgyi 

81.  Before  thetini€Of  Bergman^  the  aflay 
0f  the  ores  of  metcury,  and  efpecially  of  the  na-» 
tive  falphuret  of  this  itietal,  for  this  was  almoft 
the  only  one  attc'nded  to^  was  an  opeJ-ationi 
either  very  imperfect,  or  refy  fuperficiaL  la 
order  to  examine  an  ore  containing  mercury,  it 
was  mijied^  in  the  ftate  of  powder,  with  lim^ 
Of  alkah  ;  and  this  mi::^ture  was  throAvn  upon  a 
hot  brick,  which  was  immediately  covered  with 
a  belUglafs,  in  which  the  Inercury  was  Volatili-* 
fred  and  condenfed,  attaching  itfelf  in  fmal! 
drops  to  its  fides*  When  this  affay^  which 
often  was  a  fufficient  inducement  for  under-* 
taking  works  upon  a  large  fcale,  was  not  deemed 
fatisfaftory,  on  account  of  the  price  of  this 
metal^  and  when  it  was  wiflied  to  afcertain  ho\i/ 
niuch  mercury  this  ore  contained,  or  was  able 
to  yield,  it  was  diftilled  with  fubftanCes  capabk 
of  retaining  the  fulphur  and  difengaging  the 
mercury  from  it,  fuch  as  lime,  the  dkalis,  and 
iron.  Water  was  put  into  the  receiver,  a  piece 
of  linen  was  attached  to  the  beak  of  the  retorf 
tif  ftone-*ware  which  was  ufed ;  and  after  the 
oj>eration,  the  mercury  obtained  was  weighed  j 
atKi  the  diminution  of  the  Weight  which  re- 
inained  was  alfo  determined, 

82.  ,  Inftead  of  thefe  defeftire    operations, 
hirgmati  propofetl,  in  his  DiiFertation  on  Hu-» 

mid 
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mid  Aflkying,  to  fubftitute  tekl  analy ticat 
proceffeSi  Native  mercury  is  fo  frequently 
alloyed  with  foreign  metals,  that  it  is  ufefiilta 
determine  their  proportion  ;  for  this  purpofe  he 
propofesj'  to  diffotve  it  completely  in  nitric  acid. 
If  it  contains  gold,  this  remains  in  the  ftate  of 
powder  at  the  bottom  of  the  folution ;  if  it 
contains  bifmuth,  it  is  precipitated  by  water, 
which  does  not  feparate  the  oxide  of  mercury. 
Silver  is  difcovered  by  precipitating  the  folu- 
tion with  muriate  of"  foda ;  the  muriate  of  fil- 
ver  and  that  of  mercury  are  depofited  together, 
but  the  latter  diffolves  in  the  water  much  fooner 
thjin  the  former,  and  they  are  feparated  by 
means  of  this  limple  procefs.  It  might  be  done 
ftill  betterby  means  of  the  pxigenated  muriatic 
acid,  which  would  difTolve  the  muriate  of  mer- 
cury without  affeding  the  muriate  of  filven 
The  docimaftic  proceffes  are  the  fame  for,  the 
native  amalgams. 

33.  The  red  fulphuret  of  mercury  is  more 
difficult  to  be  treated  with  the  acids,  which  do 
not  attack  it  without  great  difficulty.  How- 
ever it  is  decompofed  by  boiling  it  flightly 
with  eight  times  its  weight  of  a  mixture  of 
three  parts  of  nitric  and  one  of  muriatic  acid ; 
the  metallic  part  is  difTolved,  and  the  fulphur 
is  left  in  the  form  of  a  yellowifli  powder.  I 
propofc  to  fubftitute  the  oxigenated  muriatic 
acid  inftead  of  this  mixed  acid.  Bergman 
had  already  propofed  to  treat  this  fulphuret 
with  muriatic  acid  and  the  oxide  of  manganefe; 

3  but 
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but  as  the  mixture  of  the  latt&r  renders  the 
fulphur  very  difficult  to  be  feparated,  I  prefer 
the  immediate  aSion  of  the  oxio-enated  muria- 
tic  acid.  By  this  means  we  find  that  100  parts 
of  red  fulphuret  of  mercury  contain  0,80  of 
metal,  and  0,20  of  fulphur.  The  mercury,  in 
this  natural  combination,  is  manifeftly  in  the 
ftate  of  an  oxide,  and  this  compound  would 
better  deferve  the  name  of  fulphurated  oxide 
of  mercury  than  that  of  fulphuret  of  mercury. 

34.  As  to  the  native  muriate  and  fulphuret 
of  mercury,  Bergman  direfts  us  to  treat  them 
with  the  muriatic  acid,  which  feizes  upon  the 
oxide  of  mercury  combined  with  a  portion  of 
fulphuric  acid,  and  thus  reduces  the  whole  mafs 
to  the  ftate  of  muriate  of  mercury :  the  liquid 
which  floats  at  the  top  is  feparated  by  means  of 
the  muriate  of  barites,  which  gives  the  weight 
of  the  fulphuric  acid  contained  in  the  native 
fait,  by  means  of  the  precipitated  fulphate  of 
barites,  and  confequently  that  of  the  muriate 
of  mercury  which  was  originally  mixed  with 
it. 

S5.  To  thefe  docimaftic  proceffes  I  muft 
add  the  methods  of  aifeertaining  the  purity  of 
mercury,  and  thofe  of  procuring  it  in  a  very 
pure  ftate.  Motives  of  gain  frequently  af- 
ford an  inducement  for  adulterating  this  metal, 
which  always  bears  a  more  or  lefs  high  price  in 
commerce.  The  additions  of  lead  and  bifmuth, 
the  amalgams  of  which,  though  folid  by  them- 
felves,  have  the  property  of  alfuming  a  con* 

fiderable 
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which  we  operated.  I  fhall  add,  on  this  occa- 
fioij,.  that  fince  large  quantities  of  mercury^ 
have  become  neceffary  in  laboratories  for  ex- 
periments upon  the  gafes,  I  .have  had  frequent 
occafion  to  examine  this  metal,  in  order  not  to 
be  deceived  in  the  purchafe,  and  that  I  have 
never  found  it  to  contain  more  than  four  or  five 
hundredths  pf  foreign  matter;  that  I  am  con- 
vinced;  that  the  meixury  is  frequently  foiled, 
covered  with  powder,  tamifhed,  imperfefiily 
liquid,  and  even  draws  a  tail,  without  its 
containing  on  that  account  any  remarkable 
quantity  of  inferior  metals, ,  and  that  thcfe 
properties  almoft  always  depended  upon  a  com- 
mencement of  oxidation,  or  even  upon  the 
humidity  contrafted  by  the  mercury*     _ 

37.  In  order  to  avoid  the  danger  of  employ- 
ing irnpure  mercury  for  the  important  purpofes 
to  which  this  metal  is  appropriated,  as  well  in 
medicine  as>in  natural  philofophy  and  che- 
miftry,  and  in  fe veral  of  the  arts,  it  has  always 
been  advifed  to  extraft  it  for  one's  own  ufc 
from  the  fulphuret  of  mercury :  this  is  what  has 
been  termed  mercurif  revived  or  refufcitatti 
from  cinnabar,  an  expreffion  which  pretty  well 
expreiles  the  oxided  ftate  of  the  mercury  in 
its  ore.  This  operation  is  ufually  performed  in 
chemical  and  pharmaceutical  laboratories,  by 
diftilling,  in  a  retort  of  iron  or  ftone-warc^.  i 
mixture  of  iron  and  fulphurated  oxide  of  mer* 
€ury  either  native  or  artificial ;  for,  as  we  fhaU 
fee  hereafter^the  artificial  compound  is  muck 

more 
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more  frequent  in  commerce :  the  iron  is  added 
in  the  proportion  of  one  part  to  two  of  cinnabar^ 
and  well  mixed,  in  the  form  of  fine  filings,  with 
this  mercurial  compound,  by  exa6l  trituration. 
The  diftillation  is  performed  with  the  precau- 
tions already  mentioned ;  a  piece  of  linen  that 
forms  a  tube,  is  attached  to  the  beak  ^f  the 
retort,  and  immerfed  in  the  water  with  which 
the  receiver  is  half  filled.  The  iron,^whofe 
.attra6lion  for  oxigen  and  for  fulphur  is  much 
greater  than  that  of  mercury,  difoxidates  and 
de-fulphurates  the  metal,  whi(ih  rifes  in  the 
form  of  vapour,  and  is  condenfed  in  the  water ; 
there  remains  in  the  retort  a  fulphuret  of  iron^ 
in  which  this  metal  is  a  little  oxidated.  The 
mercury  obtained  in  this  manner,  when  dried 
and  paffed  through  a  fkin,  is  very  pure  and 
brilliant 

38.  It  is  by  proceffes  analogous  to  that  which 
has  juft  been  defcribed,  that  mercury  is  ex-* 
tra£led  in  the  large  way  fi-om  its  ores.  That 
which  is  liquid  and  diffem|pated  in  globules 
ampngft  the  ftones,  is  ^afily  c<!)lle6led  by 
diluting  them  in  water  after  they  have  been 
pounded;  the  metal  is  precipitated,  and  tha 
water,  as  it  runs  oif,  carries  with  it  the  earthy 
particles.  It  is  in  this  manner  that  the  native 
and  liquid  mercury  is  extrafted  at  Ydria  in 
Friuli.  As  to  cinnabar,  or  the  natural  fulphuret 
of  mercury,  it  will  immediately  be  apparent 
that  it  cannot  be  roafted,  either  in  order  to 
diminiih  its  cohefion,  or  to  feparate  the  ful- 
ph^r^  even  in  part,  for  the  fulphuret  would  be 

D  d  2  diffi- 
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diffi^ated  by  the  aaion  of  the  fire.  As  natiif^ 
almoft  always  prefents  it  mixed  either  with 
k  calcareous  or ,  ferruginous  fubftance,  bojth 
thefe  gangues  become  a  kind  of  intermediate 
agents,  very  fit  for  decpmpofing  the  fuJphuret, 
abforbing  its  fulphur,  difoxidating  its  metal^ 
and  confequently  promoting  its  Tolatilization 
by  the  heat. 

39.  Irhe  proceffes  nfed  in  the  extraftion  of 
mercury,  though  always  fouttded  upon  diftilla- 
tion,  vary  according  to  the  places  in  which  they 
are  pradifed.     Antoine  Juffieu  has  defcribed, 
in  the  Memoirs  of  the  Academy  of  Sciences 
for  the  year  1719,  the  operations  performed  at 
Almaden  in  Spain,  for  the  purpofe  <)f  obtaining 
this  metal.     He  firft  obferves,  that  the  mines 
of  this  country  do  not  eAiit  any  exhalation 
deleterious  to  vegetables ;  that  the  environs  and 
the  foil  above  them  are  very  fertile ;  that  the 
working  of  them  is  attended  with  no  danger  to 
tlie  labourers,  and  that  it  is  only  the  convifts 
employed  in  their  interior,  who  ar^  attacked 
with  dangerous  maladies,  on  account   of  the 
iteercury  volatilized    by  the  fires  which   they 
are  obliged    to    keep    burning.     The    ore  of 
Almaden,  according  to    this  authof,  contains 
ii'on  and  a  fmall  quantity  of  carboirate  of  lime. 
It  is  introduced  into  a  kind  of  reverberatory 
furnaces,  and  the  fire  is  kindled  in  the  afh-^ 
hole.     This  furnace  has    no  iai>erttire    except 
eight  holes  at  its  poftefior  part ;    to  each  t:/( 
thefe  holes  a  row  of  aludels  of  earth  is  adapted, 
2  iht 
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the  laft  of  wliicli  terminates  in  a  fuiall  building 
at  a  confiderable  diftance  from  the  furnace* 
Between  the  two  extremities  of  this  apparatus, 
tbe  build  ingand  the  furnace,  a  fniall  platform  is 
conftrufiled,  forming  two  inclined  planes,  which 
fupportthe  aludels;  Avhen  any  ill-luted  joining 
^f  thefe  fuffers  any  of  the  mercury  to  efcape,  its 
globules  are  colleded  at  the  meeting  of  the  in- 
clined planes  of  this  platform.     The  fire  applied 
to  the  fulphuret  of  mercury  effefts  its  decom- 
pofition  by  means  of  the  lime  and  iron,  which 
abforb  the  fulphur  and  oxig^n.     The  mercury 
reduced   into   the  ftate  of  vapour,    is  partly 
ilopped,  paffes  into  the  aludels,  and  runs  down 
in  part  by  the  gentle  flopes  which  they  have 
into  the  fmall  building.     When  the  operation 
is  completed,  and  the  whole  of  the  apparatus 
cooled,    all  the   aludels   are    carried  into   the 
chamber  of  this  building,  in   order  to  empty 
them,    and   coUeft   the    mercury  which  they 
contain,  in  a    cavity   in  %the  middle   of    the 
chamber,  towards  which,    it   fubliiTies  from  all 
iides.     This  mercury  is  afterwards  tranfported 
in  {kins,  and  in  barrels  that  contain  feveral 
quintals,  which  go  by  the  nam^  of  bouillom 
in  coinmerce, 

40.  In  the  Memoirs  of  the  fame  Academy  for 
th^  year  1776,  we  find  a  defcription  of  the  pro- 
cefs  employed  in  the  Palatinate  fbjr  jtjie  extrac- 
tion of  mercury,  by  Citizen  Sagp.  They  there 
i^fe  fi  gallery  charged  with  fqrty-eightje torts  erf 
^£^(1  if  on  an  inch  thick,  more  than  a  metre  in 

length, 
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length,  and  containing  about  twenty-nine  Kilo- 
grammes (fixty  pounds)  of  materials,  Xhefe  re^ 
torts  are  fteadily  fixed  upon  the  furnace  which 
fupports  them,     A  mixture  of  three  parts  of  the 
•  ore  well  forted  and  pounded,  and  one  part  of 
flaked  lime  is  introduced  into  them  by  means  of 
an  iron  ladle;  they  are  heated  with  pit-coal,  apr 
plied  at  the  two  extremities  of  the  furnace,  the 
fides  of  which  are  perforated  with  feveral  aper- 
tures, which  eftablifli  currents  of  air,  and  caufe 
the  coal  to  bum.  The  mercury  is  feparated  and 
volatilized  by  the  re-adion   of  the  lime  upon 
the  fulphur;    it   is   coUefted    in    eiarthen   re- 
ceivers adapted  to  the  retorts,  and  filled  with 
water   to   about    a    third  of   their    capacity. 
This  operation  occupies  ten  or  eleven  hours.   It 
is  evidently  founded  upon  the  fame  principles 
as  the  preceding  one,  and  differs  from  it  only 
in  the  form  of  the  apparatus, 

p.  Oxidability  by  the  jlir. 

41.  Formerly,  mercury  was  not  thought 
to  be  capable  of  burning,  and  it  was  confidered 
as  unalterable.  It  was  by  carefully  examining 
this  property  that  modem  chemiiftry  made  its 
firft  and  moft  valuable  difcoveries,  and  to  thefe 
the  pneumatic  dodrine  owes  its  rife.  Mercury 
is  not  only  oxidable  like  all  the  metals,  but  it 
has  alfo  two  modes  of  burning,  or  two  fpecies 
of  combuftion,  like  the  greater  part  of  metallic 
fubftauces:  the  one  is  the  flight  and  imperfed 
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combuflion,  which  takes  place  at  a  low  tem- 
perature ;  the  other  is  the  complete  and  firong 
combuftion,  which  is  effefted  only  at  a  very 
high  temperature.  The  firft  was  for  a  long 
time  confidered  to  be  merely  a  divifion  of  the 
mercury ;  it  has  been  very  well  defcribed  in 
this  point  of  view  by  Boerhaave.  Without 
knowing  the  caufe,  he  converted  mer<:ury  by 
it  into  a  black  powder,  which  he  termed 
Ethtops  per  /e,  and  of  which  he  knew  both 
its  redu6libility  by  heat,  and  the  diminution  of 
its  weight  during  its  reduction.  The  other, 
which  has  been  confidered  by  the  alchemifts  as 
a  kind  of  fixation  or  precipitation  of  mercury, 
takes  place  only  at  its  temperature  of  ebulli- 
tion, and  converts  it  into  a  red  powder,  which 
they  termed  mercury  precipitated  per  fe.  Each 
of  thefe  muft  be  confidered  in  detail. 

42.  Tiie  flight  oxidation  of. mercury  takes 
place  at  a  very  low  temperature,  and  always 
when  this  metal  is  agitated  in  con  tad  with  the^ 
air.  Arifl:otle  already  feems  to  have  known  it, 
when:  he  fays  in  his  fourth  book  (metebrolog. 
Qomm.  chap,  xviii.),  that  by  mixing  mercury 
for  a  long  time  with  faliva^  a  remedy  is  formed, 
which  is  uieful  in  fome  difeafcs  of  the  ikiiu 
Whether  we  rub  the  mercury  with  the  hand,  or 
frequjBntly  agitate  it  in  the  air,  or,  as  Boerhaave 
did,  caufe  it  to  be  inceflantly  ihaken  in  a  bottle 
attached  to  the  axis  of  a  mill-fl:one,  or  triturate 
it  with  any  liquids,  provided  they  be  thick, 
vifcid  and  efpecially  if  fufceptiblq  of  attra^- 

ing 
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ing  the  oxige n  of  the  atmofphcre ;  in  all  thefe 

cafes,  it  is  converted  into  black  oxide,  of  an 
acrid  and  copperifh  tafte,  which  is  reftored  to 
the  ftate  of  liquid  mercury  by  the  aftionof  fire, 
and  even  of  light,  which  contains  about  a  twen- 
ty-fixth  of  its  weight  of  oxigen,  and  which  is 
a  real  black  oxide  of  this  metal.  W€  can- 
not rub  mercury  upoii  a  white  fubftatice, 
or  between  the  fingers,  without  oxidating  a 
portion  of  it,  and  in  all  the  operations,  of 
which  Plenck  has  performed  fuch  a  variety, 
wherein  the  metal  is  extinguifhed  in  liquid 
vifcous  mixtures,  or  in  any  Xolids,  that  is  to 
fay,  in  which  it  lofes  its  form  of  globules,  and 
affumes  that  of  a  black  powder,  with  the  aid 
of  motion  and  divifion  in  conta6i  with  the  air, 
it  is  equally  oxidated.  The  furface  of  mer^ 
cury,  when  expofed  for  a  long  time  to  the  air, 
even  though  it  be  at  reft,  becomes  at  length 
covered  with  a  dull-coloured  pellicle,  which  is 
nothing  elfe  than  this  fpecies  of  oxide.  Ber- 
nouilli,  has  even  obferved  that  on  letting  a 
globule  of  mercury  fall  from  a  height  of 
thirty,  and  even  of  fifteen  centimeti'es,  upon 
a  very  brilliant  and  pure  mafs  of  this  metal, 
a  fpot  was  formed  at  the  place  upon  which  it 
had  fallen  ;  and  though  he  has  attributed  it  to 
the  impurites  which  the  globule  abforbed  in  the 
air,  it  is  evident  that  it  is  entirely  owing  to 
the  commencement  of  oxidation  which  it  un- 
dergoes. This  converfion  into  black  oxide  is 
^ven  produced  by  agitating  mercury  in  aerated 
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water.  The  fame  oxidation  is  likewife  the 
eaufe  of  the  black  powder  which  frequently 
forms  at  the  top  of  old  barometers,  which  con- 
,*aiii  a  fmall  quantity  of  air.  Laftly,  if  we 
obferve  with  attention  all  the  circumftances  iu 
which  mercury  becomes  oxidated,  by  what- 
ever procefs  it  may  be,  we  find  that  it  always 
palTes  through  this  ftate  of  black  oxide,  be- 
fore it  arrives  at  a  more  complete  ftate  of  oxi- 
dation. In  a  word,  this  ftate  of  black  oxide 
is  conftantly  the  firft  term  of  the  oxidation  of 
this  metal,  and  we  may  equally  obferve,  that 
it  returns  to  it  immediately  before  it  affumes 
the  metallic  form,  in  all  the  cafes  of  difoxida- 
tion,  of  which  I  fliall  foon  have  occafion  to 
fpeak. 

43.  The  ftrong  or  complete  oxidation  of 
mercury  is  an  operation  which  the  alchemifts 
have  long  fince  pradifed,  as  I  have  already 
obferved,  and  for  which  they  have  Contrived 
apparatufes  more  or  lefs  complicated,  which  at 
prefenjt  are  altogether  laid  afide.  Boyle,  Avho 
was  ignorant  of  the  theory,  though  he  occu- 
pied himfelf  fo  much  with  the  effefts  of  the  air, 
contrived  for  this  procefs  a  flat  bottle,  which  he 
clofed  with  a  long  cylindrical  ftopper,  perforated 
with  a  very  fmall  aperture  through  the  middle^ 
and  which  has  been  termed  Boule's  helL  from 
the  notion  that  the  metal  was  put  to  a  real 
torture  in  it.  Boerhaave,  in  his  numerous  dif^ 
tillations  of  this  metal,  obferved  that  he  every 
time  obtained  a  certain  quantity  of  red  powder, 

very 
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\'ery  brilliant,  very  acrid,  and  very  aftive^  fo 
as  to  produce,  according  to  his  expreffion,  a 
great  derangement  in  the  animal  economy.  He 
alfo  difcovered  that  this  red  powder  was  redu- 
cible hito  mercury  by  the  aftion  of  fire;  that 
the  metal,  by  changing  its  form  in  this  man- 
ner, acquired  alfo  fixity ;  but  he  fuppofed  the 
caufe  of  this  change,  which  he  admitted  only 
in  the  form,  to  proceed  from  the  fire,  which 
pa0ed  through  the  veffels.  In  treating  of  this 
fubje6l  he  has  contented  himfelf  with  combat- 
ing the  pretenfions  of  the  alchemifts,  and  af- 
ferting  that  the  mercury,  in  this  cafe,  was  con* 
verted  neither  into  gold  nor  filver.  The  com- 
plete oxidation  of  mercury  into  the  red  oxide^ 
has  long  been  a  very  tedious  and  embarraffing 
operation  in  chemical  laboratories ;  it  was  for- 
merly neceffary  to  employ  feveral  entire  months 
in  order  to  obtain  a  flight  portion  of  this  oxide; 
at  prefent  wefucceed  much  more  eafily  by  means 
of  .ajjyery  firople  apparatus.  As  the  volatility 
of /mercury  i^  the  obftacle  to  its  complete 
combuilion^  fiance  it  cannot  take  place  unlefs 
vit  be  raifed  to  a  temperature  fufficient  to 
make  it  boil,  chemifts  have  contrived  to  give 
it  a  .fufficient  contaft  .with  the  air  to  ena-r 
ble .  it  to  abforb  the  oxigen  requifite  to  its 
oxidation,  without  affording  it  an  aperture 
fufficiently  large  to  admit  of  its  being  difliT 
p^tedjnthe  atmofphere.  For  thi§  purpofe  we 
t^k^  fiat-boUomed  matraflfcs,   into  which  wo 
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introduce  of  very  pure  mercury  as  much  as 
will  entirely  cover  the  whole  lower  furface  with 
a  ftratum  two  or  three  centimetres  in  depths 
The  neck  of  thefe  velfels  is  then  drawn  at  the 
lamp  till  it  is  reduced  atmoil  to  a  capillary 
tube,  and  its  extremity  is  broken  in  order  to 
open  a  flight  communication  with  the  ain  The 
matrafies  are  placed  in  a  fand-bath,  in  which 
they  are  immerfed  as  far  as  the  place  to  which 
the  mercury  rifes ;  a  fufficient  heat  is  applied 
to  make  the  mercury  boil  gently,  and  in  this 
ftate  it  is  conftantly  kept.  The  metal  rifes  in 
vapours,  but  falls  back  again,  except  the  fmaJl 
portion  which  adheres  to  the  (ides  of  the  ma- 
trafs.  After  fome  hours,  the  furface  of  the 
mercury  affumes  a  manifeftly  black  colour,  irt 
confequence  of  the  commencement  of  oxida^ 
tion  which  it  undergoes ;  after  it  has  been  cdn? 
tinually  expofed  to  the  fire  for  fome  days,  red 
particles  are  obferved  on  its  furface^  whidi 
gradually  increafe  in  quantity,  and  at  length 
entirely  cover  it ;  the  motion  of  ebullittoTt 
keeps  them  feparate,  and  impels  them  to  the 
fides,  where  they  accumulate,  as  they  are 
formed  without  interruption.  When  the  mo- 
tion is  not  too  violent,  feveral  particles  of  red 
Qxide  c611e6i;  and  fonn  tranfparent  cryftals  of 
a  ruby  colour,  which  appear  to  be  63;ahedrons, 
or  elongated  quadrangular  pyramids.  Almoft 
all  the  mercury  introduced  into  the  matraiV 
may  be  converted  into  red  oxide,  by  contain- 
ing the  operation  for  feveral  months  in  fue^ 
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ccffion.  It  is^procured  in  fu^icient  abiuidance 
by  plaqiiig  a  great  number  of  thffefKiaU  ina- 
trajQTes  in  a  large  fand-bath ;  the  operation  goes . 
on  much  more  rapidly  and  the  'cr3'ftals  of  the 
oxide  are  much  more  perfefi;ly .  formed,  and 
more  brilliant,  if  wq  caufe  pure  oxig^n  gas, 
extracted  from  the  fuper-oxigenated  muriate  of 
pot-afli,-  to  pafs  into  the  matraflSas. 

44.  The  red  oxide  of  mercury  c^tained  in  ; 
this  manner  contains  nearly  a  tenth  part  of 
its  weight  of  oxigen,  according  to  the  re* 
Searches'  of  Lavoifier.  It  is  not  only  very 
9:CFid,  purgative,  and  emetic,  zs  Boerhaave  ob* 
ferved,  but  alfo  cauftic  and  corrofive ;  it  is  9 
modicine  fo  violent  in  its  effefts,  that  it  ought 
to  te  reckoned  amongft  the  poifons.  If  we 
h^t  it  i»  open  veffels,  it  fublimes  into  atrant 
parent  vitriform  fubftance^  of  the  moft  beautit 
ful  rubyrred  colour.  ,  Wben  it  is  gently  heated, 
ajid  conftantJy  agitated  in  the  air,  it  becomes 
brown,  and  nearly  of  the  colour  of  tobacco. 
Wben  ftrongly  heated  in  clpfe  veffck,-  in  the 
pneumato-chemica}  apparatus,  ,  it  yields  pure 
oxigen  gas,  a^d  is  reduced.  :it  was  by  thi^ 
experiment  that  Dr.  Prieftley,  made  the  cele* 
brated  and  ufeful  difcovery  of  this  gaa,  in  the 
y^erar  1774;  and  itis  upon  the  inveftigation  of 
^his  reduftion,  compared  with  the  inverfe  ex- 
periment of  the  djecompofition  of  the  airj  its 
^Itejation,  and  itS'  partial  obfprption  by  the 
JDetals,  which  increafe  proportionably  in  weight, 
that  Lavoifier  has  .laid  /the  fi^ft,  f»midations  of 
/."^i  i';:  the 
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the  pneumatic  doftrine.  This  is  therefore  a 
Very  iutereftiiig  oxide  to  chemifts,  as  it  has 
been  tibeiburce  of  one  of  the  moft  illuftrious 
difcaveries,  and  one  of  the  moft  important 
truths  which  our  age  can  boaft.  Whenever 
we  careftdly  obfcrve  the  phenomena  of  its  re- 
du)6tian)  performed  with  caution,  we  fee  it  grow 
brown  in  proportion  as  it  gives  out  its  oxigen 
in  the  form  of  gas ;  and  there  frequently  re- 
maiu  fome  particles  of  black  oxide  in  the  vef- 
iel  which  has  been  ufed  for  this  operation :  the 
mt^t  contact:  of  the  light  of  the  fun,  continued 
fof  .a  long  time,  is-  fufficient  to  eflfeft,  or  at 
leaft  to  commence  this  reduftion ;  this  contaSi 
caufes  it  to  pafs  again  to  the  brown,  the  orajoge, 
and  the  yellow  colour. 

45.  We  have  a  new  and  ftrong  proof,  both 
of  the,diflference  of  the  two  oxides,  the  black 
and  .the  red,  which  are  obtained  by  the  im- 
D^iediate  combuftion  of  the  mercury,  and  of 
the  fuperior  ftrength  of  attraftion  of  the  firft 
portico  of  this  principle  over  that  of  the  fe<« 
cpndi  in  the  relinquiihing  of  this  laft  por- 
tion, of  that  which  caufes  the  oxide  to  pafs 
firpm  the  black  to  tlie  red  ftate;  which 
this  Gxide,  in  the  laft-mentioned  ftute,  makes 
to  running  mercury  when  triturated  toge- 
^er  with  it.  I  have  found,  that  by  this  tri- 
t^r«tioB,  the  running  mercury  foon  lofes  its 
ljgu(^,  its  metallic  ftate;  its  fluidity  is  ex- 
tkxgui&ed,  according  to  the  common  ex« 
pr€lfio%  and  by  caufing  the  red  oxide  to  pafs 
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to  the  brown  or  blackifli  ftatc,  ihows  that  it 
divides  with  it  the  portion  of  oxigen  in  quef- 
tion.  Moreover  we  fhall  fee,  by  feveral  fafts 
which  fliall  be  mentioned  hereafter,  that,  in 
the  oxrde  .  of  this  metal^  the  oxigen  poffeffes 
but  little  folidity,  having  loft  only  a  fmall  por- 
portion  of  its  folvent  caloric;  that  it  is  on  this 
account  that  its  formation:  is  fo-  tardy,  and 
that  it  is  fo  readily  decompofed,  and  fo  eafily 
relinquifhes  its  oxigen ;  that  it  adheres  fo 
(lightly  to  it,  that  it  abandons  this  principle 
to  a  great  number  of  other  combuftibte  fub* 
fiances,  and  fo  eafily  and  violently  inflames 
feveral  of  thefe,  efpecially  fome  of  the  metals, 
w&  jzinc,  tin^  &c. 

F.  Unidn  z&ith  Combufiibk  Bodies. 

46,  Mf  RCURY  contrafts  no  union  with  azote, 
hidrogen  and  carbon :  we  know  of  no  azo- 
turet,  hidruret,  or  carburet  of  mercury;  but 
the  two  laft  mentioned  corhbuftible  fubftances 
a6l  fenfibly  upon,  its  red  bxide.  Hidrogen 
kept  long  in  cohta6l  with  this  oxide  in  the 
cold,  colours  it  by  degrees,  and  caufes  it  to 
pafs  into  the  ftate  of  black  oxide.  This  ex- 
periment fucceeds  much  more  quickly  by 
heat.  If  we  caufe  hidrogen  gas  to  pafs 
through  a  tube  containing  red  oxide  of  mer- 
cury, heated  to  the  firft  point  of  ignition 
a  detonation  takes  place;  the  mercury  pafies 
into  the  metallic  ftate,  fome  remains  of  black 
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Oxide  .are  left  in  the  tube,  and  the  water  that 
has  been  formed  is  difengaged.  This  detona- 
tion proves  that  the  oxigen  which  faturates  the 
mercury  is  not  in  a  very  folid  ftate,  and  that 
it  retains  a  large  portion  of  its  original  folvent 
caloric,  which  feparates  in  its  union  with  the 
hidrogen. 

47.  Carbon  does  not  reduce  the  oxide  of 
mercury  unlefs  by  the  aid  of  heat.  This 
operation,  which  affords  carbonic  acid'  gas 
and  running  mercury,  is  one  of  thofe  which 
ought  to  be  repeated  with  the  greateft  care  in 
e;!cperiments  performed  for  the  purpofes  of  de- 
mon ftration,  as  it  is-one  of  thofe  which  prove 
mod  inconteftibly,  and  at  the  fame  time,  the 
exiftence  of  oxigen  in  the  metallic  oxides, 
the  proportion  and  nature  of  the  carbonic  acid, 
and  the  refpeftive  quantities  of  this  principle 
and  of  carbon,  which  enter  into  the  compofition 
of  the  gafeous  acid  produced.  By  means  of  a 
fimple  jcalculation,  it  may  be  performed  in  fo 
exa£);<  a  manner,  that  no  carbon  Ihall  be  left 
behind,  and  the  ^hole  mixture  Ihall  be  con-i 
verted  into  pure  running  mercury  and  car- 
bonic acid  gas. 

48.  Phofphorus  does  not  unite  with  mercury 
without  great  difficulty,  and  only  by  parti- 
cular management. 

A.  Pelletier  having  expofed  upon  a  fand* 
bath,  for  ja  fpace  of  nearly  three  months,  a 
ijp^l  matrafs  half  full  of  water,  at  the  bottom 
of  which  he  had  put  equal  parts  of  mercury 
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and  phofphorus,  which  remained  always  fufed 
by  means  of  the  temperature  of  the  bath,  and 
which  he  agitated  from  time  to  time,  thcfe  two 
fubftances  formed  no  union  with  each  other, 
but  remained  feparate.  The  lower  part  of  the 
concrete  phofphorus  which  reftcd  upon  the 
mercury,  having  become  brilliant  and  of  a 
filver  colour  by  the  adhefion  of  this  metal  to 
its  furface,  announced,  however,  the  exiftencc 
of  an  attrafclion  between  thefe  two  bodies,  and 
induced  Pelletier  to  attempt  their  combiaation 
by  other  procefles. 

B.  Having  put  equal  parts  of  phofpbbrui 
and  mercury  into  a  fmall  retort,  he  diftilled 
lill  a  fmall  quantity  of  phofphorus  pafled  over, 
after  which,  he  fuffered  the  apparatus  to  cool 
The  retort  being  broken,  exhibited  the  mer- 
cury and  the  phofphorus  feparate,  and  without 
^y  combination. 

C.  Equal  parts  of  phofphorus  and  red  oxide 
of  mercury,  (about  eight  grammes  of  each  m 
all  thefe  experiments)  being  covered  with  a 
fmall  quantity  of  water  in  a  matrafs,  were  ex» 
pofed  to  the  heat  of  a  fand-bath,  and  ftirred 
from  time  to  time ;  the  oxide  foon  became 
blackifli,  and  united  with  the  phofphorus ;  the 
water  contained  phofphoric  acid.  Pelletier  con* 
fiders  the  black  powder  to  be  mercury  in  a  fiite 
of  divifion,  and  conceives  this  diviiion  to  be 
neceffary  to  the  phofphoration :  it  is  vciy 
poflible  that  this  metal  might  have  becooie  pho£> 
phorated  in  its  (late  of  black  oxides 
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fc).  The  phofphuret  of  merctiry  thus  formed^ 
becomes  foft  in  boiling  water,  and  affumes  con- 
fiftence  in  the  cold :  when  kept  in  very  hot  water, 
after  having  been  inclofed  in  chamois  leather, 
and  ilightly  preffed,  a  fmall  quantity  oi 
tranfparent  phofphorus  ^as  feparated.  What 
remained  in  the  fkin  was  folid  black  mercurial 
phofphuret,  which  could  be  cut  with  a  knife, 
containing  in  its  interior  part  uncombined 
globules  of  mercury.  When  heated  in  a  diftill- 
jng  apparatus,  it  is  decompofed,  and  yields 
f>hofphorus  and  mercury  in  a  feparate  fiate. 
Ekpofed  to  a  dry  atmofphere,  it  difFufes  white 
vapours  that  have  a  phofphoric  fmell  There 
cxifts,  therefore,  no  very  intimate  union  be- 
tween the  mercury  and  phofphorus. 

49.  Mercury  unites  very  readily  with  fulphur, 
bx)th  by  fmiple  trituration  in  the  cold,  and  by 
the  aftion  of  the  fire.  Wheti  we  triturate  this 
liquid  metal  with  two  parts  of  fulphur,  we  foon 
perceive  the  murcury  to  difappear,  become  ex- 
tinguiihed,  aflulne  and  give  to  the  fulphur  a 
black  colour,  on  which  account  this  preparation 
was  formerly  termed  Ethiops  Mineral 

The  mere  infpeftiou  of  the  experiment  is 
fufficient  to  fliow  that  in  this  operation  the- 
mercury  is  converted  into  the  ftate  of  blapk 
oxide,  and  that  the  fame  holds  good  in  its 
combination  with  fulphur,  as  in  that  with 
phofphorus  of  wihicXx  I  have  juft  treated; 
namely,  that  it  unites  with  it  only  in  the  ftat^. 
of  black  oxid(?,     When  the  mercury  has  entirely 
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loft  its  form  and  metallic  luftre ;  when  it  is  ^n* 
tirely  converted  into  an  uniform  and  homo- 
geneous black  powder,  which  grows  blacker  and 
blacker  by  the  contaft  of  the  air,  the  operation 
is  completed ;  tlie  black  fulphuret  of  mercury 
is  prepared.  In  order  to  prove  tliat  in  this 
trituration  fom^thihg  more.Xhan  *a  (iynple  mix- 
ture takes  place,  that  the  fulphuradually  cbnv- 
bines  with  and  adheres  to.  tlie; mercury,  Che- 
miffs  have  obferved,  that  they  cannot  be  fe- 
parated  except  by  chemical  means,  and  with 
the  aid  of  tlie  attra6tion  of  feveral  other  bodies. 
Notwithftanding  this  commencement  of  com- 
bination, a  ftrong  magnifying  glafs  enables  us 
to  diftinguifti  oblong  globules  of  mercury  in 
the  black  fulphuret  formed  in  the  cold,  and  by 
fimple  trituration  :  it  whitens  gold  when  rubbed 
upon  it ;  it  dlfFufes  a  fetid  fmell,  and  yields  a 
black  pellicle  when  treated  with  the  liquid 
alkalis;  it  contains  more  fulphur  than  the  fol- 
lowing, and  the  two  fubftances  which  compofe 
it  are  lefs  adhering,  lefs  intimately  coihbined 
with  each  other. 

50.  When  we  throw  mercury  in  a  ftate  of 
very  minute  divifion,  by  preffing  and  cauiing  it 
to  fall  ina  Ihower,  through  chamois  leather  into 
an  equal  quantity  of  fuled  fulphur,  and  agitate 
riie  mixture,  the  black  oxidation  of  the  mer- 
cury, and  its  combination  with  the  fulphur^ 
M'hich  alfumes  the  fame  colour,  take  place  very 
fpecdily .  We  muft  ftii;  the  mixture  without  in- 
tcfrgLption,  remove  llie  mixture  from  the  fir^ 
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>vlieil  the  merciiiy  has  ahnoft  intirely  difap- 
peared,  and  continue  to  ftir  it  after  it  has  been 
taken  off  the  firfe,  till  by  refrigeration  and  agi- 
tation, the  whole  is  converted  into  fmalLclots 
thefe  ate  pounded  in  a  mortar  into  a  fine  pow- 
der, which  is  paffed  through  a  fitie  fieve,  and 
preferred  under  the  name  of  black  fulphuret  by 
jire^  or  Ethiops  mineral  by  fuji07i.  All  che- 
mifts  agree  in  afferting,  that^  in  this  fulphuret, 
the  fulphur  and  the  mercury  are  more  intimate- 
ly combined  than  in  that  which  is  made  in  the 
cold.  Wallerius  alTumed,  as  its  charafteriftics  of 
diftindion  from  the  former,  its  not  whitening 
gold,  its  containing  lefs  fulphur,  its  not  pre- 
fenting  globules  of  mercury  vifible  by  the  mag- 
nifying glafs,  but  fliining  and  radiated  parti- 
cles, like  a  fulphureous  ore;  its  not  forming 
pellicles,  and  its  difFufmg  a  much  weaker 
fmell  when  fubjefted  to  the  a6lion  of  alkaline 
leys.  It  is  obferved,  moreover,  in  preparing 
it,  that  this  combination  made  by  the  aftion 
of  fire,  is  very  fufceptible  of  inflammation ; 
Md  when  this  takes  place,  it  is  extinguiflied  in 
order  to  preferve  its  ftate  of  black  fulphuret; 
otherwife  it  would  pafs  intp  the  violet,  and 
alTume  the  charafler  of  the  red  fulphuret. 

51.  A  black  fulphuret  of  mercury  is  alfo 
formed  by  triturating  the  red  oxide  of  mercury 
■forfome  time  with  fulphur.  We  muft  be  cau- 
tious not  to  heat  this  mixture  too  much  when 
-we  vifli  to  promote  it  by  the  ^tion  of  fire  ;  for 
it  is  fufceptiblf  of  detonation,  according  to  the 
-    '  E  e  2  experiments 
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periments   of  Bayen,    who  hai  made   all  the 
oxides  of  mercury  fu,Iminate^  indeed  by  ^  fmall 
quantity   of   fulpliur,    $nd    by    heating  them 
ftrong-lv.     The  fame   combination  into  black 
fulphureit  takes  place  alfo  when  we  agitate  mer* 
cury  in  water  charged  with  fulphur^ted  hidro- 
gen  gas,  as  I  have  difcovered  in  analyzing  the 
water  of  Montmorency ;  by  treating  the  red  oac- 
ide  of  mercury,  or  precipitating  its  acid  folu- 
tions,  by  the  fame  waten  or  by  the  alkaline 
hidro'fulphurets.      It  is  therefore  evident  that, 
'ivhether  we  take  rutin  ing  mercury,  or  treat  the 
moft  perfeft  oxides  of  mercury  with  fulphur  in  ^ 
ftate  of  divifion,  thi3  metal  always  pafles  into  the 
ftate  of  black  oxide,  in  order  to  combing  with 
.th?  fulphur.     In'  the  firft  cafe,  it  abforbs  from 
the  air  about  a  twentieth  part  of  its  weight 
of  oxigen,  which  it  requires  for  its  converfion 
into  the  ftate  of  black  o^ide;  in  the  fecond 
cafe,  it  lofes,  on  the  contrary,  ^11  tha,t  it  con- 
tains of  this  principle,  exceeding  one-twentieth 
part  of  its  weight  pnly,  which  it  requires  v^ 
order  tp  unite  with  the  fulphur  :  hence,  it  is  con- 
cluded that  the  Fitkiops  mineral  qf  the  ancient 
.cliemifts  k  really   ihc  fulphurated^    biaqk  o^v- 
ide  qf  nifsrcury. 

^     .52.  The  rapidity  with  which  running  iper- 
cury  becomes  pxiduted,   ai)d  abfprbs  thfe  twen- 
tieth part  of  its  weight  of  pxigen^ :  9^t  t^i^  hi(>- 
niei)t  when  it  is  combined  wi^  fi^lpjiur,  pr9J'e^ 
'that  in  this  combination  it^.  attr^iQUi.^j^  the 

principle  of  combuftion  is  TOCfe?tfp^^'i:i|  do^ 
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not  evfeti  remain  in  this  firft  degree  of  oxida- 
tion, when  the  temperature  of  the  fulphurated 
black  Oxide  of  mercury  Is  raifed.     When  wq 
he^t  this  compound  in  an  open  veffel,  the  ful- 
phur  which  exifts  in  it  in  a  ftate  of  very  minute 
divifion,  and  which  is  confequently  very  much 
difpofed  to  burn,  foon  inflames  and  is  converted 
into  fulphureous  acid  vapour ;   the  mercury  at 
the  fame  time  experiences  a  higher  degree  of 
oxidation,  and  after  having  loft  the  greater  part 
of  its  fulphur,  fo  as  to  retain,  to  all  appear- 
ance, not  more  than  an  eighth,   or  even  a  tenth 
of  its  weight,   it  pafles  into  the  ftate  of  a  pow- 
der of  a  very  deep  violet  colour,  when  the  com- 
buftion  of  the  more  abundant  portion  of  the 
fulphur  contained  in  the  fulphurated  black  ox«^ 
ide  of  mercury  has  ceafed.     If  in  this  ftate  of 
violet   powder  we  heat  the    compound    thus 
modified,   in   a  matrafs,  with  a  ftrong  fire,  it 
fublimes  into  a  cake  of  a  deep  ihining  redx^O" 
lour,   exhibiting  cryftals  in  the  form  of  needles, 
which  in  the  ancient  nomenckture  was  termed 
artificial  cinnabar;  becaufe  it  very  much  rcfem- 
bles  the  natural  cinnabar,  and  which  I  term  the 
red  fulphurated  oxide  of   mercury,     Tlie  aur 
thors  of  chemical  procefles  vary  amongft  them^ 
felves  witn  refpeft  to  the  mode  of  preparing 
this  compound.     That  which  fucceeds  the  beft 
and  yields  the  fineft  produ6!,  has  been  defcribed 
by  Vogel.      Seven    parts   of  mercury,    palfed 
through    leather,    are    mixed    with    one   part 
of  fufed  fulphur  in  an  earthen  veffej,  and  the 
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mixture  is  well  flirred  till  it  is  completely  con- 
verted into  black  fulphurated  oxide*     This  ful- 
phuret  is  put  into  a  phial,  or  rather  a  matrafs, 
which  is  placed  in  a  crucible  containing  fand, 
and  this  is  gradually  heated  till  the  fire  a6ls 
upon  it  with  fufficient  force,  and  till  the  matter 
is  perceived  to  be  fublimed  in  the  upper  part  of 
the  glals  veffel.     It  is  then  removed  from  tlie 
crucible,  and  after  it  has  been  broken,  we  find 
a  red  mafs  in  the  form  of  needles,  the  colour  of 
which  is  the  more  brilliant  and  beautiful  the 
ftronger  the  operation  of  the  fire  has  been,  and 
the  lefs   fulphur  the  mercury    retains.     It  i3 
fuperfluous  to  reilify  this  red  fulphurated  oxide 
oF   mercury,    and    efpecially    to   repeat  •  this 
tedious,  difficult,  and  expenfive  operation,  fix 
or  feven  times  in  fucceffi6n,'as  fome  chemifts 
recommend;  for  when    it  has  been  well  per- 
formed,  the  product  is  very  beautiful  and  pure 
after  the  firft, 

53.  Chemical  authors  differ  greatly  in  their 
opinions  refpe6ling  the  proportions  of  the  prin- 
ciples of  the  artificial  cinnabar.     Lemery  be- 
lieved  it  contained  fulphur  in  the  proportion 
of  one  part  to  two  of  mercury  ;  Cartheufer  lit 
that  of  I  to  7t5  Mender  of  1  to  30;  Macquer 
of  1  to  7  or  8.      Hence,  fome  chemifts   have 
imagined  that  this  compound  might  vary  ac 
cording  to  the  relative  quantities  of  fulphur 
and   mercury  employed  in  the  preparation  of 
th^  Ethiops  mineral^  with  which  it   is  fabvi- 
catcd.     What  is  pra6life'd  in  this  particular  in 

tl}^ 


the  matiufaftories  of  Holland,  proves  that  ful- 
phtir  exifts  in  the  ptoportion  of  lefs  than  a 
tenth  in  this  preparation,  when  it  has  the  quality; 
which,  on  account  of  its  fine  colour,  is  in  re- 
queft  in  the  arts.  Tuckert,  a  Dutch  apothe- 
cary, has  defcribed  in  Crell's  Journal  the  pro- 
cefs  of  fabrication  employed  in  a  laboratory  at 
Amderdam,  in  which  a  great  quantity  of  it  was 
prepared.  This  procefsr  has  been  publiflied  in 
the  French  Annals  of  Chemiftry,  Tom.  IV. 
p.  25.  The  black  fulphurated  oxide  of  mer- 
cury is  firft  prepared,  by  mixing  1^0  parts  of 
fulphur  with  1080  of  mercury,  expoiing  this 
mixture  to  a  moderate  fire,  in  a  flat  polilhed 
iron  pan ;  it  is  then  beat  fmall  and  put  into 
fmall  earthen  flaflcs,  intended  for  pouring  the 
ny^tteVj  in  feparate  portions,  into  the  apparatus 
in  which  the  red  fulphurated  oxide  of  mercury 
is  prepared.  This  appaiatus  confifts  of  three 
large  earthen  jars,  previoufly  covered  on  the 
outiide  with  dried  lute,  and  placed  in  furnaces 
fo  that  the  fla^me  circulates  freely -round,  the 
jars.  In  the  evening  a  turf  fire  is  kindled  uiider 
the  veflels,  fo  as  to  heat  their  bottoms  to  red- 
nefs;  when  they  are  red,  the  contents  of  one 
flafk  is  thrown  into  the  firft  jar,  that  of  the 
fecond  into  the  fecond,  that  of  another  into 
the  third,  and  in  this  manner  they  continue 
fuccefliyely  to  pour  into  each  of  them  to  the 
amount  of  two  or  three  flafks  at  a  time,  accord*- 
ing  to  the  violence  and  rapidity  of  the  inflam- 
jpifttioD;  for  the  black- fulphurated  oxide  of 
:  ;  ;  mercuay 
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mercury  at  this  red  heat,  kindles  inftaritane- 
oufly,    and  the  flame  frequently  rifes  to  the 
height  of  one,  and  even  two  metres  above  tho 
jars.     When  this  inflammation  has  fubfideda 
little,  each  jar -is  clofed  wifh  a  plate  of  caft 
iron,  which  fits  it  exaftly.     The   operation  of 
pouring  the   matter    into   the  jars,    occupies 
thirty-four   hours,    and  each   of  thefe  veffels 
contains  4 1 0  parts  of  matter ;  namely,  860  o€ 
mercury  and  50  of  fulphur.     The  heat  is  kept 
up  under  the  veflels  till  the  whole  of  tlie'mattcr 
is  fublimed,  which  requires  the  fire  to  be  kept 
burning    for    thirty-fix    hours:    the    fire  ia 
moderated  according  to  the  height  of  the  flame 
which  appears  when  the  cover  is  taken  off';  th? 
operation  proceeds  as  it  ought,  when  this  flame, 
though  fufficiently  briflc,  does  not  rife  to  more 
than  9    or   12   centimetres  height   above  the 
mouth  of  the  jars  :  during  this  time,  the  matter 
is  ftirred  every  half  hour  with   an  iron  rake, 
When  tlie  operation  is  completed  and  the  jars 
have  cooled,  they  are  removed,   together  with 
the  circles  which  fupport  them ;  they  are  then 
broken   in  pieces,  and  in  each  are  found  400 
parts  of  red  fulphurated  oxide,  ten  parts  bein^ 
loft  in  each  jar.     The  workmen  afliired   Mr. 
Tuckert,  that  they  had  never  met  with  any 
accident  in  performing  this  operation,  during 
thirteen  years  that  they  had  been  employed  in 
the  ejtablifliment. 

54.  The  circumftanccs  of  this  procefs  feem  to 
pie  to  prove  alfo  that  the  mercury  is  oxidated 
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in  the  artificial  cinnabar;  and   this  opinion  li 
befides   fupported  by  feveral   other  fafts  be- 
longing to  the  preparation  of  this  compound. 
Whenever  we  agitate  running  mercury   in  a 
folution  of  hidrogenated  ammoniacal  fulphuret, 
or  of  hidro-fulphuret  of  ammonia,  or  precipi- 
tate a  folution  of  this  metal  by  means  of  either 
bf  thefe  compounds,  we  have  at  firft  a  black 
fulphurated  oxide  of  mercury ;  but  by  being 
left  to  ftand  for  fome  hours  in  the  liquid,  this 
fubilance  foon  affumes  a  brilliant  and  magni- 
ficientTcd  colour.  The  fame  phenomenon  takes 
place  with  the  n  fulphurets  with  bafes  of  fixed 
alkalis  or  earth,  but  lefs  fpeedily  than  with  that 
which  has  ammonia  for  its  bufis,.  and  the  red 
colour  is  never  equally  beautiful,  but   it  re- 
mains of  a  pale  brown,  or  dull  brick  colour. 
|t  has  already  been  proved,  that  in  thefe  oper- 
ations, the  mercury  does  not  pafs  from  its  me- 
tallic into  the^  black  ftate,  othcrwife  than  by 
^  commencement  of  oxidation.     It  is  evident, 
tthat  in  paffing  from  the  black  to  the  red,  it 
becomes  more    oxidated,    and  that  it  is  the 
oxigen  which  imparts  to  it  the  red  colour  by 
which  it  is  diftinguifhed ;    I  have  therefore 
thought  I  ought  to  term  it  the  red  fulphurated 
^a;ide  qf  mercury. 

55.  The  chara6teriftic  properties  of  this  com- 
pound are  of  themfelves  fufficient  to  prove  the 
oxidated  ftate  of  the  mercury  which  it  cpn- 
tains.  It  is  unalterable  by  the  air ;  when  heated 
jn  a  clofe  veflel.^  it  fublime^  without  ^iecompoft- 
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tion;  wlien  gently  and  gradually  heated  in 
ah  open  veffel,  the  fulphur  is  volatilized,  and 
the  reduced  mercury  is  completely  diflipated ; 
this  is  what  takes  place  when  it  is  employed  in 
fumigations;  itdoesnot  colour  nor  whiten  gold; 
the  acids  do  not  attack  it,  though  they  have 
in  general  the  property  of  diffolvihg  the  ful- 
phuratcd  metals.  If  fomq  of  them  diffolve  if 
in  courfe  of  time,  they  do  it  without  motion 
or effervefcence,  as  they  would  diffolve  an 
oxide  of  mercury.  Lime,  the  alkaline  earths 
in  general,  and  the  alkalis  decompofe  it ; 
they  abforb  from  it  the  fulphur,  and  feparate 
the  mercury,  which  is  reduced  and  volatilized, 
loting  at  the  fame  time  its  oxigen  by  the 
heat  which  is  employed  for  this  diftillation. 
Cobalt,  bifmuth,  antimony,  tin,  iron  and  cop*- 
per  poffefs  the  property  of  feparating  the  mer-^ 
cnry  from  it  by  obforbing  the  fulphurt  We 
find  alfo  that  thefe  metals  are  the  fame  as 
deprive  mercury  of  oxigen,  and  confequently 
reduce  its  oxide.  If  even  it  has  been  found 
that  filver  difengages  the  mercury  from  ciu'^ 
nabar,  and  it  has  thence  been  inferred  that 
it^  attraction  for  fulphur  is  fuperior  to  that 
of  mercury  ;  but  it  was  not  perceived  that 
tills  proceeded  only  from  a  triple  attrac* 
tion  exerted  in  this  operation  ;  namely,  that 
of  the  caloric  for  the  oxigen  and  the  mercury, 
an(l  that  of  the  filver  for  the  fulphur,  with 
^  hich  it  unites  in  proportion  as  the  difoxidated 
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mercury  abandons  it,  and  is  no  longer  capable 
of  remaining  in  combination  with  it. 

56.  In  the  preparation  of  the- oxide  of  mer* 
cury  by  the  humid  way,  which  is  effeded  by 
agitating  the  running  metal,  efpecialiy  in  the 
hidrogenated  fulphuret  of  ammonia,  it  is  pof- 
fible,  that  a  portion  of  the  fulphurated  hidro- 
gen  may  unite  with  the  oxide  of  the  metal 
which  is  formed,  and  that  the  cinnabar  ob^ 
tained  by  this  procefs  may  differ  from  that 
which  is  prepared  in  the  ordinary  way.  This 
fubjeS;  well  deferves  a  particular  invcftigation. 
It  can  not  be  doubted,  alfo,  that  when,  in  pre- 
cipitating a  folution  of  mercury  in  an  acid, 
the  oxide  returns  to  the  black  ftate,  a  large 
portion  of  the.oxigen  which  it  lofes  is  tranf- 
ferred  to  the  fulphurated  hidrogen  j  and  that 
it  is  on  this  account  that  the  water,  which 
holds  this  fulphurated  hidrogen  in  folution, 
like  the  fulphurets  hidrogenated  with  the  li^ 
quid  alkaline  fulphurets,  which  afford  a  like 
refult  with  the  mercurial  falts,  lofe  their  fetid 
fmell  at  the  momient  when  they  form  black 
fulphurated  oxide  of  mercury. 

57*  Mercury  unites  with  many  metallic  fub* 
(lances;  it  diflblves  them,  foftens  them,  and 
forms  with  them  combinations  which  are  term- 
ed amalgams  :  thefe  poffefs  greater  folidity,  in 
proportion  as  the  quantity  of  foreign  metak 
which  they  contain  is  greater  than  that  of  the 
liiercury.  Though  the  adion  of  fire  in  general 
decompofes  them,  and  fepare^tes  the  mercury 
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charges  itfelf  equally  vrkh  air,  and  places  itfelf 
in  the  equilibrium  of  combination,  whenever 
it  is  in  contadfc  with  it. 

64.  Boiling  water  produces  no  more  altera-^ 
tion  in  mercury  than  cold  water.  Lemery  had 
already  proved^  at  the  end  of  the  laft  centur}^, 
that  this  metal  loft  nothing  of  its  weight  by 
ebullition  in  this  liquid*  Boerhaave,  who 
repeated  this  experiment  with  indefatigable 
patience,  and  boiled  a  great  'number  of  time* 
confiderable  quantities  of  water  upon  four 
grammes  of  mercury,  was  likewife  convinced, 
tliat  this  metal  had  not  loft  any  thing.  How- 
ever, good  medical  obfervers  have  well  afcer- 
tained,  that  this  water,  in  which,  a  linen  bag, 
filled  with  mercury  has  been  fufpended  during 
its  ebullition,  has  a  very  decided  antKelmintic 
or  veamifuge  property,  and  it  is  a  very  conv 
mon  practice  to  prefcribe  this  decoction  to 
children,  who  frequently  void  worms  after 
having  taken  it.  Some  phyficians  afcribe  ftill 
much  greater  powers  to  water  which  has  been 
feveral  times  diftilled  upon  mercuty;  pretend* 
iug  that  this  water  is  fenfihly  antifyphilitic* 
Wallerius,  in  order  to  explain  its  effeflis,  fup- 
]K>fed  that  the  mercury  re-acquired  in  water,  with 
which  it  became  penetrated,  a  weight  of  the 
matter  equal  to  what  it  loft  by  its  ebullition,  and 
that  it  was  on  this  account  that  its  diminution 
iCould  not  be  afcertaincd.  Grafliuys,  who,  in 
h\»  letter  to  Dr.  Maty,  in  1754,  fpeaks  of  the 
^mti-venereal  virtue  communicated  to  water  bjp 
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mercury,  advances  even  that  this  metal,  after 
being  employed  for  this  operation,  lofes  its 
former  efficacy,  an<:!  pofleffes  afterwards  no 
longer  the  property  of  killing  infefls.  How- 
ever,  it  muft  be  admitted,  that  it  would  re- 
quire experiments  ftill  more  decifive  than  thofc 
which  have  hitherto  been  performed,  in  ordec 
to  afford  fatisfaftory  evidence  of  the  truth  of 
fuch  affertions. 

65.  What  has  been  faid  in  No.  62,  concern- 
ing the  deconipofition  of  the  red  oxide  of  mer- 
cury by  means  of  a  great  number  of  metais, 
proves  that  mercury  is  one  of  thofe  which  hav-e 
the  leaft  attradion  and  adliefion  to  oxigen : 
there  are  accordingly  but  very  few,  and  tbofe 
only  amongft  the  leaft  combuftible,  which  are  to 
'  be  examined  here?ifter,  from  which  it  is  able  to 
take  away  oxigen.  Neverthelefs,  by  triturating 
running  mercury  with  certain  metallic  oxides 
that  are  very  much  charged  with  this  principle, 
and  in  which  the  laft  portion  which  is  combined 
with  them,  has  little  adhefion  in  comparifou 
with  the  firft,  which  they  retain  with  great 
force,  it  is  found  to  be  quickly  extinguifted 
and  converted  into  black  oxide.  This  doe^  not 
take  plac^  except  with  thofe  among  thefe  oxides 
efpecially,  which  are  too  much  oxidated  to  be 
jfiill  foluble  in  the  acids,  and  in  fadl,  \yc  fliall 
fee  hereafter,  that  the  fame  metals,  on  Xl^ 
other  hand,  precipitate  mercury  from  its  acid 
folutionSy  in  the  metallic  form,  and  take  its 
place  in  thofe  folutions. 

Vol.  V.  F  f  H.  Jffiofl 
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H.  jiffion  upon  the  ^ctds* 

* 

66.  It  was  by  the  combination  of  mercury 
with  the  different  acids,  that  chemifts  dif- 
covered  the  moft  Angular  properties,  and  at  the 
fame  time  the  moft  important  ufes  of  this  metal. 
There  is  no  acid  which  does  not  a6l  either 
directly  or  indiredly  upon  mercury",  or  which 
does  not  combine  with  its  oxide,  and  form  a 
faline  compounc(  more  or  lefs  interefting  in  iti 
properties.  Ihe  phenomena  exhibited  by  thefe 
different  compounds,  whether  during  their  for- 
mation, or  after  they  have  been  formed,  deferve 
to  be  l^udied  with  attention,  becaufe  they  c©n- 
ftitute  one  of  the  moft  remarkable  branches  of 
chemiftry.      I  fliall,    therefore,  defcribe   them 

>  with  all  the  proper  details,  becaufe  the  treatifes 
of  chemiftry  do  not  yet  contain  thefe  details, 
and  becaufe  the  inveftigations  which  I  made  re- 
lative to  thisfubje6t,  in  the  year  1791,  feem  to 
me  to  be  capable  of  throwing  a  new  light  upon 
its  combinations. 

67.  Previous  to  the  year  1777,  chemifts  had 
determined  only  in  a  very  inaccurate  manner, 
the  nature  of  the  reciprocal  aftion  of  the  ful- 
phuric  acid  and  mercury.  All  that  they  had 
done  till  then,  could  afford  only  uncertain  and 
vague  notions,  on  account  of  the  ftate  of  the 
fcience.  At  this  period,  Lavoifier  made  ufe 
of  that  aftion  in  order  to  determine  the  na;ture 
of  the  fulphuric  acid ;  he  flioA\red  that  mercury, 

aflift- 
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aflifted  by  the  aftion  of  heat,  deprived  this  acid 
of  a  portion  of  its  oxigen,  ditengagcd  fulphu- 
reous  gas  from  it,  became  itfelf  oxidated,  and 
combined  with  the  undecompofcd  portion  of 
the  acid  ;  that  by  ftrongly  heating  the  fulphatc 
of  mercury,  fulphureous  acid  gas  and  oxigen 
gas  were  obtained,  and  that  the  greater  part 
of  the  mercury  returned  to  the  metallic  ftate: 
but  as  his  intention  was  only  to  occupy  himfelf 
with  the  analyfis  of  the  fulphuric  acid,  he  has 
not  defcribed  all  the  phenomena  of  this  com- 
bination.  Thirteen  years  after  him,  in  1790 
and  1791,  I  undertook  a  much  more  compre- 
henfive  inveftigation  of  the  fubje6t ;  I  examined 
with  great  attention  all  that  paffed  in  the  re- 
action of  the  fulphuric  acid  and  of  mercury: 
amongft  a  great  number  of  new  fa^s  which  this 
inveftigation  prefented  to  mc,  I  perceived 
feveral  circumftances,  which  had  been  glanced 
at,  or  indicated,  but  not  explained,  by  Kunekel, 
Rouelle  the  elder,  IMonnet,  &c.  I  have  been 
enabled  to  diftinguifli  with  precifion  feveral 
Hates  of  the  union  of  the  oxide  of  mercury 
with  the  fulphuric  acid,  which  had  been  mif- 
taken  or  confounded.  I  proceed  to  give  the 
refult  of  my  inquiries  into  tliis  fubje^. 

68.  The  principal  caufe  of  tlie  numerous 
varieties  prefented  by  the  folutions  of  mercury 
in  the  fulphuric  acid,  depends  lefs  upon  the 
proportion  of  the  acid  and  of  the  metal,  than 
upon  the  quantity  of  oxigen  which  the  latter 
abforbs  from  the  acid,  according  to  the  tem- 
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perature  in  which  their  reciprocal  adion  exert« 
itfelf.     In  fadl,  the  proportion  of  one  part  of 
running  mercury  to  a  part  and  a  half  of  con- 
centrated fulphuric  acid,  which  are  generally 
taken  for  this  operation,  and  which  are  known 
not  to  aft  upon  each^ther  in  the  cold,  give$ 
rife  to  a  greiat  variety  qf  compounds,  according 
to  the  tempe^-ature  in  which  they  are  treated, 
and  the  length  of  time  during  which  heat  is 
applied    to  them*     This    mixture    heated   to 
ebullition  in  a  glafs  retort,  the  curved  beak  of 
which  is  plunged  under  a  bell-glafs  filled  with 
mercury,  in  the  hidrargyro-pneumatic  appara- 
tus, yields  fulphureous  acid  gas.     In  this  opera? 
t}on,    the   attraftion  of  the  mercury  for  the 
oxigen  ia  increafed  in  proportion  to  the  increafe 
of  temperature ;  for  at  the  ordinary  tempera7 
ture,  it  is  much  weaker  than  that  of  this  prin-r 
ciple  for  the  fulphureous  acid,  and  not  for  the 
fi^lphur  as  Lavoifier  imagined  :  in  fitiSl;,  it  has 
been  fhown  in  another  place,  that  the  portion 
of  oxigen  whicji  adheres  to  the  fulphureous  acid, 
brought  to  the   fulphuric  ftate,  adheres  to  it 
lefs  ftrongly  than  that  which  is  united  with  the 
fulphur  in  the  fulphureous  acid.     Mercury  de- 
compqfes  the    fulphuric    acid,    deprives  it  of 
oxigen,  and  caufes  it  to  pafs  into  the  ftate  of 
fulphureous  acid.    If  we  flop  the  operation  when 
the  mercury  is  converted  into  a  white  mafs, 
but  not  dried,  and  when  a  portion  of  liquid 
ftill  remains  upon  the  furface  of  this  mafs,  it 
contains  unconibined  fulphuric  acid  ;  it  is  acrid 

and 
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ind  corroiive;  it  reddens  the  blue  vegetable 
colours;  it  does  not  become  yellow  by  the 
contatft  of  the  air ;  neither  cold  nor  hot  water 
•convert  it  iilto  that  yellow  powder^  which 
formerly  was  daUed  Turpeth  mineralj  on  ac- 
count 6f  its  colour,  and  of  which  I  (hall  fpeak 
liereal\;er,  provided  we  ufe  the  precaution  of 
iSrft  feparating  the  acid  by  a  flight  lixiviatiou 
with  cold  water ;  for  otherwife  it  would  become 
yellow^  by  the  cffed  of  the  heat  produced  in  the 
re-^£i3on  of  the  Avater  and  the  acid.  I  term 
this  whole  nmfs',  which  refults  from  the  aQ;ioii 
and  the  dofes  of  fulphuric  acid  and  mercury 
tiiat  have  been  indicated,  the  acid  fulpliate  of 
merculry.  It  cannot  form  turpeth  unlefs  when 
it  is  heated  and  deficcated. 

69.  This  acid  fulphate  of  mercury  may  con- 
jbaiiu  very  various  proportions  of  fulphuric  acid, 
accQ[rdingly  as  the  original  proportion  has  been 
varied;  fi)r  it  is  very  evident,  thatwefhould 
.obtain  a  mafs  equally  acid,  by  employing  mtxce 
4^^  this  fubftancc  than  the  proportion  above  iu- 
dtcated,  and  accordingly  as  we  might  have 
^iik^wSc  difengaged  a  greater  or  lefe  quantity 
by  th^  ad;ion  of  the  fire :  it  is  in  general  thi^ 
inore  (bluble  in  w^ater  the  more  acid  it  contains, 
as  has  already  been  obferved  by  all  the  chemifts 
-who  have  fjioken  of  this  combination  befoue 
aoe.  But  a  circumfiance  which  has }  efcapejd 
-dieir  t)hfervation,  is,  that  if  we  lixiviate  the 
acid  fulphate  of  mercury,  with  much  lefs  water 
.than  utouldhe  requilite  in  order  to  diflblve  it 
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fniKrli  more  fulphate  of  mercury,  and  ^aifes  thi 
fait  to  a  ftate  of  much  greater  acidity.  Tlw^ 
portion  of  this  fait  that  remains  after  Uiis  fiiA 
lixiviation,  now  requires  fiv«  hundred  parts  of 
water  for  its  fohition,  becaufe  it  has  becc^ne  a  real 
neutral  fait.  Thus  the  watet  employed  in  fwafi 
quantity  takes  up  tht  whole  cxcefeof  acid^  and 
fuch  a  portion  of  fait,  that  this  contains  a  higher 
excefsof  acid  than  Avas  contained  in  the  whol* 
original  mafs. 

71.    Iti  order  to  prepare  the  lurpeth  mineraT, 
the  fulphuric  mercurial  mafs  that  has  bee^  treat* 
ed  lof  in  Nt).  €8  was  cohdcnfcd  by  a  longer  con- 
tinued afiiion  of  the  Rve.     A  fctrger  quantity  of 
^felphuric  acid  was  decompofed;  tlie  mercury 
xras  more  oxidated,  and  hot  water  having  beea 
afterwards  poured  upon  the  mafs,  it  afforded  the 
yellow  powder  known  by  the  name  of  Turpetk. 
In  this  preparation  the  oxide  was  obtained  in 
differeht  ftates,  of  a  great  variety  of  colours, 
fiX)m  the  pale  citron-yellow  almoft  to  the  orangcf- 
red,  without  its  being  poffible  formerly  to  ac- 
count for  thefe  differences,  and  confeqaently 
to  condufl:  tlie  operation  in  fuch  a  manner  as 
to  Y)btaiu  this  compound  always  of  the  fame 
^colour  and  the  fame  nature.  Of  the  great  num- 
'ber  of  experiments  which  I  have  made  Upon 
^thrs  compound,  I  fhall  here  enumerate  fuch  as 
^may  throw  a  light  iipott  its  properties  and  com- 
^-pdfition. 

a.  If  we  do  not  evaporate  the  mixture  of 
falphuVic  acid  stod  itiercury   ratha- -briikljr  and 
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by lii^ns of  anetevated  fteady  temperature,  if 
there  remain  any  very  perceptible  cxcefs  of 
iK^id  not  decompoied,  or  not  volatilised,  tlic 
mafs  diflblves  in  the  water  intirelv,  \nthout  af- 
faming  the  yellow  colour,  and  we  obtain  only 
a  irery  fmall  *  quantity  of  turpeth,  by  boiling 
the  water  for  a  k>ng  time  with  this  mals ;  whill^ 
on  the  other  hand,  when  the  fulpfauric  merctt-^ 
rial-  m9&  is  heated  tor  a  long  time,  it  fponta* 
.neonfly  afliunes  foniewhat  of  a  yellow  tinge, 
and  iuddenly  acquires  a  beautiful  yellow  colour^ 
by  the  contact  of  the  water. 
' '  lb.  Cold  water  poured  upon  tlie  lafi-mentioned 
•mais,  .gtvcsvit  la  ^beautiful  greeniiJi-yeliow  co- 
i#u!r.'  ^Boiiiug  water  gives  it  a  pure  yellow  co- 
lour^ without 'ahji  mixture  of  green;  alcohol 
aUb  reiidem  5t  3reUow,  .but  ia  a  lels  degree  than 
loAld.  water. 

.    c.  Several  chemifis.hav^eoonfidered  turpeth  nii- 
Aeral  as  a  fimple  yeUow  oxide  of  mercury,  con- 
^lahiiifgino  falphuricacicL  Kouelie  thought  tliat 
it  contained  fulphuric  acid;  aud  my.experiments 
oconfipiD  this  opinion.-  JBy  ti-eating  tiie  beil^ixi-* 
^iated  turpeth  with  the  muriatic  acid,,  the.  mu- 
riate of  barites  precipitates  fnlphate  of  thisbafe 
Aoba^the  ^lution.     For.this:reafan  I  term  the 
.turpqth  mimtnlfudphate  with  cjccejs  jqf  oxide  of 
^mercnry^  t>j:  ytlt(iw,ful^k&ie  tf  mercury. 
L  .4.  Injiordjeii  to  ^afiierta&ixthe  nature,  of  the 
chan^  irdftif  h  tajceaplamin  the  neuttul  fuljibate 
.of  meijcttry^.jivhilft' ifi  paffes^.hy.    means    of 
riieat,  iuU;Q>jUie[&ita.afvty^oi<  fmdphafce.or  tur- 
•;  peth, 
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peth,  I  ftrongly  heated  the  former  ii|  a  fe^ort  of 
porcelain :  firft,  Mrater  was  difexigagedi  after- 
wards fulphureous  acid  gas,  then  oxigen  gsis,  anfl 
at  the  end  of  the  operation,  the  mercury  pafled 
into  the  metallic  and  liquid  form.  At  the  mo- 
ment when  the  fulphuric  acid  is  difengaged, 
the  fait,  heated  to  rednefs,  becomes  fufed  and 
affumes  a  brilliant  purple  colour.  By  flopping 
the  operation  -before  oxigen  gas  is  difengaged, 
And  after  the  fulphureous  acid  has  been  difen^ 
^  gaged,  the  fait  is  converted  into  yellow  ful- 
phate.  - 

e.  The  properties  which  diftinguifh  this  fait 
with  excefs  of  oxide  of  mercury  from  the  neu- 
tral and  from  the  acid  fulphate,  aU  tend  to 
»prove  that  the  mercury  is  oxidated  in  it  ipuch 
more  abundantly  and  fenfibly.     In  fkS,    this 
yellow  fulphate  is  decompofed  and  diffolved  by 
the  nitric  acid,  which  does  not  a6J;  upon  the 
neutral  fulphate  of  mercury;  it  is  equally  dif- 
folved  by  hot  muriatic  acid,  which  converts  it 
into  fuper-Qxigenated  muriate  of  mercury,  or 
'Correfive  fublimatty  whilft  this  acid  caufes  the 
-neutral  fulphate  to  pafs  into  the  ftate  of  iimpk 
i muriate  of  mercury,  or  calomel. 
'.   f.  The  fulphuric  mercurial  mafs,  heated  to 
the  degree  at  which  it  yields  yellow  fulphate, 
fcarcely  receives  the  flrghteft  tinge  of  yellour 
from  water  which  has  been  boiled  a.  long  time 
before  its  being  employed  for  this  pu^ofe. 

g.  This  fulphate  is  heavier  than  the  white 
mercurial  mafs  from  which  it  proceeds^  when 

we 
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we  add  the  weight  of  the  turpeth  to  that  of  the 
portion  of  fait  diffolved  by  the  water  at  the 
moment  of  its  preparation, 

h.  The  yellow  fulphate,  though  it  has  hither- 
to been  coniidered  as  infoluble,  aftually  diffolves 
in  more  than  two  thoufand  parts  of  water  at  ten 
degrees,  and  in  fix  thoufand  parts  of  boiling 
water  :  the  folution  is  white. 

i.  Triturated  with  running  mercury,  it  quickly 
extinguiflies  it,  afTuming  at  firft  a  deep  green 
colour,  and  foon  paffing  together  with  this  into 
the  ftate  of  black  oxide :  when  it  is  boiled  with 
watei'  and  a  fmall  quantity  of  mercury,  the 
fame  converfion  into  black  oxide  takes  place, 
only  more  flowly  tha,n  by  trituration. 

k.  All  thefe  fa6ls  prove,  that  the  yellow  ful- 
phate differs  from  the  neutral  and  acid  ful* 
phates  of  mercury,  by  its  containing  more  me- 
tal, more  oxigen^  and  much  lefs  acid  ;  and  by 
the  circumftances  that  in  all  cafes  in  which 
it  is  formed  at  the  expcnfe  of  the  two  others, 
there  is  always  oxigen  added  to  the  oxide,  and 
fulphuric  acid  taken  away  from  it,  whether  it 
be  difengaged  or  decompofed. 

/.  One  hundred  parts  of  yellow  fylphate  of 
mercury  gave  me  ten  of  fulphuric  acid ;  feven- 
ty-fix  of  mercury,  eleven  of  oxigen^  and  three 
of  water.  .  ^ 

m.  With  the  aid  of  heat,  it  is  foluble  in 
fulphuric  acid  a  little  diluted.  Cold  water  pre- 
cipitates from  this  faturated  folution  a  white, 
and  b6ilihg  water,  a  yellow  oxide;" when  it 

•  contains 
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coutaihs  att  eKcefs  of  acid,  it  is  not  precipitateil 
by  watejc;  We  may  re-^diflblve  the  white  preci- 
pitate in  the  fiilphuric  acid,  and  prevent  the 
folution  from  being  precipitated  by  aa  excels 

of  acid. 

72.  Thus  all  the  faSs  that  have  been  an- 
nounced, relative  to  tlie  combination  of  the 
fulphuric  acid  with  mercury,  enable  us  to  dif- 
tinguifh  three  fulphates  of  mercury,  viz* 

a.  Tlie  neutral  fulphate  of  mercury,  cfyftal- 
lizable,  foluble  in  five  hundred  parts  of  cold 
vater^  forming  a  grey  precipitate  by  the  aSion 
of  the  alkalis,  not  decompofable  by  the  nitric 
acid^  forming  calomel  with. the  muriatic  acid^ 

b.  The  acid  fulphate  of  mercury,  more  fo- 
luble than  the  preceding  ;  forming  an  orahge- 
coloured  precipitate  by  the  alkalis ;  from  which 
the  excefs  of  acid,  and  a  portion  of  the  fait  it- 
felf,  is  taken  up  by  a  fourth  part  of  the  quan- 
tity of  water  that  would  be  requifite  for  its 
complete  folution,  leaving  neutral  fulphate  of 
mercury  after  the  folution,  indecompofable  by 
the  nitric  acid. 

c.  The  fulphate  of  mercury  with. excefs  of 
oxide :  it  is  yellow,  foluble  in  two  hundred 
parts  of  water;  forms  a  grey  precipitate  by 
the  alkalis;  it  is  decompofable  by  the  nitric 
acid ;  it  forms  fuper-oxigenated  muriate  of 
mercury  with  the  muriatic  acid. 

73.  Among  the  difierences  that  diitinguifli 
thefe  three  fulphates  of  mercury,  that  of  their 
jprecipitatiou  by  the  alkaline  fubftances  oi^ht 

particularly 


particularly  to  be  attended  to.  It  is  not  eafy  tQ 
determine  why  the  neutral  fulphatei  which  19 
white,  is  precipitated  into  a  deep  grey  by  the 
fixed  alkalis ;  but  it  is  evident,  that  if  the  acid 
j^ilphate  is  precipitated  in  the  orange  colour  by 
the  alkalis,  this  depends  upon  its  fuddenly  abr 
forbing  oxigen  from  ^he  atmofphere,  by  the 
aid  of  the  heat  which  is  developed  in  the  mix^ 
ture.  As  to  ammpnio,  the  adioa  of  which 
upon  thefe  falts  has  engaged  my  attention  the 
longefi,  I  have  £Dund  that  it  precipitated  th^ 
fulphates  of  mercury  into  a  grey,  more  or  left 
verging  towards  the  black,  and  that  it  con^ 
ftantly  caufed  their  oxides,  in  whateyer  ftatc 
they  might  be,  to  approach  to  the  metallic 
ftate,  by  diminiihing  the  proportion  of  oxigen 
which  they  contained.  I. have  found,  more^ 
over,  that  this  oxide,  precipitated  from  the 
fulphates  of  mercury  by  ammonia,  was  left 
abundant  than  that  which  was  feparated  by  the 
earths  and  the  fixed  alkalis  ;  and  this  difference 
of  quantity,  which  evidently  exceeded  the  fim- 
pie  diminution  that  could  proceed  from  tiieir 
dif-oxidation,  having  ihown  me  that  the  am« 
monia  did  not  feparate  all  the  oxide  of  the  ful- 
phates of  mercury,  I  difcovered,  by  refearches 
which  this  fa&  induce^  me  to  makcv  that  a 
triple  fait,  or  an  ammoniaco-mercurial  fulphate 
was  fojmed :  the  puincipal  properties  of  which 
I  ihall  here  iinnounce,  becaufe  the  fame  fbrma- 
tion  of  triple  ammoniaco*imtallic  iaits  exiib  in 
many  other  folujtions  pf  jmtah,  and  mufi,  in 
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courfe  of  time,  lead  chemifts  to  new  and  ftill 
mare  important  difcoyeries. 

74.  When  we  pour  ammonia  into  a  folution  of 
the  neutral  fulphate  of  mercury,  a  very  abun- 
dant grey  precipitate  is  formed,  which,  when 
expofed  to  the  fun,  is  partly  reduced  into 
running  mercury  and  partly  remains  in  the 
jftate  of  grey  powder.  The  latter  is  ammo- 
niaco-mercurial  fulphate;  it  is  foluble  in  ammo- 
nia ;  it  is  not  depofited  with  the  firfl  precipitate 
except  when  we  do  not  employ  an  excefs  of  am- 
monia in  which  it  can  be  dilTolved.  When  we 
employ  a  large  quantity  of  the  latter,  we  have 
only  a  fmall  portion  of  an  entirely  black  pre- 
cipitate, totally  reducible  into  running  mer- 
cury by  the  adion  of  the  rays  of  the  fun ;  in 
this  cafe  the  liquor  holda  the  triple  fait  or  am- 
moniaco-mercurial  fulphate  in  folution.  In 
this  operation,  the  ammonia  decompofes  only 
a  portion  of  the  neutral  fulphate  of  mercury, 
the  oxide  of  which  it  reduces.  The  ammo- 
niacal  fulphate  that  is  formed,  unites  with  the 
other  undecompofed  portion  of  the  fulphate  of 
mercury,  and  forms  a  triple  fait  of  little  folhbi- 
lity,  but  which  is  foluble  in  an  excefs  of  am- 
monia. The  fame  decompofition  takes  place, 
attended  with  another  phenomenon,  upon  this 
fulphate  of  mercury  in  its  folid  ftate.  When 
we  pour  ammonia  upon  this  fait,  a  brifk  efFer- 
vefcence  enfues,  and  a  remarkable  crackling 
noife  is  heard ;  a  difengagement  takes  place  of 
azotic  gas,  produced  from  the  decompofition 
f  of  the  ammonia  by  the  feparated  part  of  tlie 
2  oxide 
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oxide  of  mercury ;  this  occupies  the  bottom 
of  the  veffel  in  the  form  of  a  black  powder^ 
and  the  liquid  that  fwims  at  top  holds  aaimo- 
niaco-mercurial  fulphate  in  folutioo. 

15.  When  the  liquor  which  holds  this  fait  in 
folution,  after  it  has  been  formed  by  either  of 
the  procefles  that  have  been  indicated,  is  eva- 
porated, either  with  the  afliftance  of  heat,  or  by 
expofure  to  the  air,  it  depoJTits  at  the  end  of  fome 
hours,  brilliant  cryftals,  of  a  polygonal  form, 
and  hard,  the  fmalleft  of  yhich,  colle6ted  to^ 
gether,  form  a  white  and  chatoyant  pellicle 
upon  the  furface.  This  cryftallization  is  owing 
to  the  evaporation  of  the  ammonia  which  held 
the  fait  in  folution.  If,  inftead  of  waiting  for 
this  regular  depofition,  we  fuddenly  add  a 
large  quantity  of  water  to  the  folution,  it  be- 
comes white  and  milky;  a  white  powder  is 
precipitated,  which  is  nothing  elfe  than  the 
feme  fait,  but  without  any  regular  foini,  becaufe 
it  isfeparated  fuddenly :  this  proceeds  from  the 
circiimftance,  that  the  water  which  is  added, 
divides  the  liquid,  renders  it  lighter,  and  feizes 
Bpon  the  ammonia ;  there  remains  in  the  fluid 
fulphate  of  ammonia,  which  may  be  obtained  in 
the  form  of  cryftals  by  evaporation.  More  of 
the  latter  is  therefore  formed  than  is  requifite  to 
caufe  the  fulphate  of  mercury  to  pafs  into  the 
ftate  of  ammoniaco-mercurial  trifule  as  in  faft 
is  proved  by  the  analyfis  of  thiis^,  which  con* 
tains  more  oxide  of  riiercury  than  the  metallic 
KUlphate  ^one  contained. 

76.  The 


76.'  Tkc  ammoniaco-mercurial  fulphate  has 
a  pungent  and  aufteretafte;  when  expofed  to  the 
^ftipo  of  heat,  it  decrepitates,  and  yields  am- 
monia, azotic  gas,  a  little  running  mercury, 
and  ^  finall  quantity  of  fulphite  of  ammonia: 
there  remains  in  the  retort  fomc  yellow  ful- 
phate  of  mercury ;  it  has  little  folubility  in 
water ;  the  alkalis  and  lime  precipitate  it  into 
a  white  powder,  which  i^,ftill  a  triple  fait  with 
an  excefs  of  its  bafe,  or  deprived  of  a  lai^e 
quantity  of  it3  acid.  This  precipitates  wheu 
pxpofed  to  the  fun,  then  blackens,  and  is  reduced 
into  running  meTcpry,  by  the  mutual  decom'^ 
poiition  of  the  mercurial  pxide  and  ammonia* 
Jhis  amnoouiaco-mercurial  fulphate  is  folublc 
in  ammonia,  of  which  it  retain^  a  portiqu 
wlieu  it  cryftallizes  by  the  evaporation  pf  this 
yolati  le  al  k  ali.  An  h  und  red  parts  Qon tai  a  eigh- 
tieen  of  fiilphuric  acid,  thirty-three  of  aomi^ 
nia,  thirtyruine  of  mercuFy,  tod  ten  of  water^ 
This  analyfis  proves,  that  this  triple  fait  cou:. 
tains  a  very  large  proportion  of  the  two  bafes 
compared  with  that  of  the  futphuric  acid ;  and 
that  in  this  combination,  the  attra6lions  diffei 
greatly,  between  the  three  fubilances  which  form 
it,  from  that  which  fubfifts  between  any  two  of 
them  in  particular. 

77*  All  tha,t  we  have  juft  been  €X)nfidering 
relates  to  tlie  decompofition  of  the  neutral  ful* 
phate  of  mercury  by  ammonia.  Other  pheiio* 
mens  take  place  in  the  decompofition  of  the 
acid  fulphate  and  the  yellow  fulphate^ .  or  tU 
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fulphate  with  excefs  of  oxick,  by  the  fame 
alkali;  but  thefe  differences  are  eafy  to  be  de- 
termined from  what  has  already  been  laid  down. 
Ammonia  poured  into  a  folution  of  the  acid 
fulphate  of  mercury,  forms  no  precipitate  in  it, 
becq^ufe  the  alkali,  uniting  with  the  excefs  of 
acid,  is  transferred,  in  the  form  of  ammonia- 
cal  fulphate,  to  the  fulphate  of  mercury  with 
which  it  combines  into  a  triple  fait ;  it  then 
perfe6lly  refembjes  that  of  the  liquor  which 
floats. above  the  black  precipitate  formed  by 
ajpmonia .  in  the  folution  of  the  neutral  ful- 
phate of  mercury.  The  a6lion  of  the  fame 
alkali  upon  the-  yellow  fulphate  is  altogether 
the  reverfe  of  that  which  it  exerts  upon  the 
acid  fulphate :  here  the  excefs  of  oxide  caufes 
a  much  greater  quantity  of  black  oxide  to  be 
formed,  inftead  of  a  triple  falt^  in  confequence 
of  the  a6lion  of  the  ammonia  upon  this  oxide; 
,there  is  very  little  of  the  triple  fait,  or  amrao- 
niaco-mercurial  fait  formed* 

78*.  In  order  to  confirm  all  thefe  new  re- 
fults  refpefiling  the  formation  of  this .  triple 
fait,  as  to  its  nature,  and  efpecially  refpeft- 
Jng  the  difference  of  the  faturation  of  the 
fulphufic  acid  by.  thefe  two  bafes,  which  are, 
united,  with  it  at  the  fame  tiitie,  I  madie  ^ 
niixture  of  concentraced  folutions  of  perfe6lly 
neutral  fulphate  of  mercury,  and  equally  neur 
tral  fulphate  of  ammonia;  a  white  powder  was 
immediately  depofited,  whiqh  I  recognifed  ta 
be  a  triple  combination,  and  th^  Uquor  th&t* 
fwam  at  top  contained  a  fmall  quantity  of  un- 
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combined  fulphuric  acid.  Thi^  laft-tnentioned 
fad;  has  particularly  proved,  that  the  6xide  of 
mefcury  and  the  aminotiia,  in  their  reciprocal 
and  fimultaneous  union  with  the  fulphuric  acid, 
require  lefs  ^f  this  acid,  than  the  futn  of  thefe 
two  bafes  would  have  re^juired  fepa^ately,  in 
order  to  be  each  particularly  faturated  with  it 
I  have  alfo  confirmed  the  caufe  of  the  por^ 
tion  of  oxide  of  mercury  precipitated  in  the 
black  ftate, '  krid  reduced  by  the  adion  of  am* 
Jft6n}a,  by  particularly  examining  that  of  this 
alkali  upon  the  oxide  of  mercury  formed  by 
Ineans  of  fire.  I  fhftU  fpeak  again  of  this 
a6li6n,  in  one  of  the  fubfequent  Numbers. 

79*  No  a6lion  takies  place  between  running 
mercury,  and  the  fulphureous  acid;  and  this 
fnuft  necpffarily  be  the  cafe,  becaufe  jnercury 
decOtnpdfes  the  fulphuric  acid  only  fo  far  as  to 
jeduce  it  to  the  ftate  of  fulphureous  acid  ;  but 
a  very'  ftrong  aftion  is  exerted  between  the 
oxide  of  mercury,  and  the  laft^mentioned  add. 
If  we  place  the  red  oxide  of  metcury  and  ful- 
phureous acid  in  contact  with  each  other,  the 
oxide  imediately  becomes  as  white  as  milk, 
caloric  is  difen  gaged,  and  the  odour'  of  the 
fulphureous  acid  is  inftaptaneoufly  deftroyed. 
When  we  employ  only  a  fmatt  quantity  of  this 
acid,  fulphite  of  mercury  is  formed;  but  if 
i/c  employ  a  large  quantity,  the  oxide  of  mer-p 
cury  is  completely  educed  to  the  metallic  ftate, 
arid  fulphuric  acid  is  foynd  in  the  liquor. 
The  Ja|l  .mentioned  phenomenon  is  much  ac- 
celerated 
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celerated  by  the  contaft  of  the  rays  of  the 
ftiji.     By   this    means,    confequfsntly,  we*  can 
*eyer  obtain  any  thing  elfe  than  fulphate  of 
mercury.     From  the  circumftances  that  in  this 
experiment  the  red  oxide  of  mercury  is  fjrft 
converted  into  the  white,  and  afterwards  com- 
pletely reduced  by  the  fulphureous   acid,  we 
iiiuft  not  conclude  that  it  contradi6ls  the  de-^ 
cpmpofition  of  the  fulphuric,acid  by  mercury; 
for  there  is  no  fimilarity  between  thefe  two  phe-» 
nomena  :  the  firll  takes  place  only  in  the  cold, 
and  the  fecond  iis  effecled  only  with  the  aid  of 
heat.     The  fame  experiment  proves  alfo  that 
the  white  oxide  of  mercury  contains  lefs  oxi-r , 
gen  than  the  red. 

80.  The  nitric  acid  is  eafily  and  rapidly  de* 
compofed  by  mercury;  this  action  is  much 
ftronger  than  that  which  it  exerts  upon  the 
fulphuric  acid.  It  takes  place  in  the  cold, 
and^as  foon  as  thefe  two  fubftanqes  are  placed 
in  cotttaA  with  each  other;  it  does  not 
comiiienc^  fpontaneoufly,  if  the  acid  be  to^ 
much  concentrated,  or  too  much  diluted  wiilA 
water ;  it  is  accompanied  Avith  a  difengagement 
df-wtrous  gas  ;  it  is  one  of  the  means  of  pro- 
curing this  gas,  and  it  is  the  experiment  with 
which  Ijavoifier  commenced ,  his  analyfis  of 
the  nitiiii  ^cid.  The  aqua-fortis  of  commerce 
afifa-upou  mercury,  without  however  diffufmg 
much  red  vapour.  When  the  opieration  is  per- 
formed in  a  very  long  conical  veffel,  and  wheri 
the  acid  covers  the  mercury  to  a  confidcrable 
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height,  a  phenomenon  is  often  obferved  which 
has  impofed  upon  cheniifts/  At  the  commeuce- 
meUt  of   the   operation,    the   acid  afTumes    a 
bluilh-red  colour    towards  the  bottom ;     this 
coloration  is   evidently  owing  to  the  nitrous 
oxide  Mhich  feparates  itfelf  from  the  inferior 
portion  of  the  decompofed  acid ;  and  in  fad, 
this  oxide  is  not  then  difengaged  in  the  form 
of  gas,  and  the  colour  of  the  folution  is  aug- 
mented as  long  as  there  are  no  bubbles  that 
rife  to  the  furface  of  the  liquor.     Small  bub- 
bles are  feen  to  arife  from  above  the  mercury, 
and  difappear  in  the  lower  part  of  this  liq^uid; 
when  the  more  violent'  aftion  develops  more 
heat,  the  nitrous  gas  efcapes,  and  the  liquid 
lofesthe  colour  which  it  had  affumcd.     This 
phenomenon   proves    that  ^mercury  has  more 
attraftion  for  oxigen  than  the  oxide  of  azote 
has.     In  proportion  as  it  burns,  the  oxidated 
metal  is  diffolved  in  the  portion  of  acid,  that 
is  not  decompofed,    for  much  more  acid  is 
generally  ernployed  for  this  folution,  than  is 
required  in  order  fimply  to  oxidate  the  metal ; 
and  we  inay  divide  the  whole,  in  idea,  into 
two   parts,    relatively  to    the  different  a6lion 
which  each  of  them  exerts  upon  the  mercury, 
namely,   the  oxidating  part,  and  the  fplvent 
part     Tl^e  folution  ceafes  when  the  proportion 
of  the  mercurial  oxide,  that  has  been  formed, 
and  that  of  the  nitric   acid  neceflary  for  its 
folution  are  in  equihbrio,     This  acid  may  thus 
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dlffolte  a   quantity  of  mercury  equal  to   its 
own  weight. 

81.  The  nitric  folution  of  mercury,  made  in 
the  cold,  is  white  and  colourlefs  ;  it  is  very 
ponderous,  and  fo  extremely  cauftic,  that  it  is 
ufed  in  furgery,  by  the  improper  name  of  me?'' 
curial  water,  for  corroding  and  deftroying 
fungous  flefli*  It  makes  brown  and  almoft 
black  fpots  upon  the  fkin,  which  do  not  difap- 
pear  till  the  cuticle  feparates  or  peels  off.  It 
imparts  the  fame  colour  to  all  vegetable  and 
anirtialfubftances,  and  the  tinge  is  indelible.  It 
affords,  either  fpontaneoufly  or  by  evaporation, 
Cryftals  of  form  very  much  varied  according 
to  the  ftate  of  the  liquor,  and  the  circuni- 
fiances  that  accompany  the  cryftallization.  I 
have  feen  them  in  four  different  forms,  by 
fpontaneous  evaporation*  I  obtained  tranfpa- 
rent  regular  cryftals,  with  fourteen  facets, 
formed  by  the  union  of  two  tetrahedral  pyra- 
mids, truncated  as»  it  were,  very  near  to  their 
bafes,  and  with  four  angles  refulting  from  the 
jun6lion  of  the  pyramids.  The  fame  folution, 
evaporated  and  afterwards  left  to  cool,  de- 
pofits,  at  the  end  of  twenty-four  hours,  a  kind 
of  acute  prifms,  ftriated  obliquely  acrofs,  and 
formed  by  the  fucceffive  oppofition  of  fmall 
lamellae,  lying  one  upon  the  other  in  the 
manner  of  tiles.  Thefe  lamellae,  when  exa- 
mined with  care,  appear  to  be  the  fame  maffes 
with  fourteen  facets  as  the  cryfials  above 
mentioned,  but  fmaller  and  more  regular  than 
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Ihofe.  A, nitric  folution,  eifeded  by  the  aid 
of  a  gentle  heat,  affords,  when  it  is  cooled, 
very  long  and  iharp  flat  needles,  ftriated  length- 
ways ;  thefe  are  the  cryftals  moft  frequently 
obtained :  they  have  been  defcribed  by  moft  of 
the  writers  on  chemiftry,  efpecially  by  M^cqiier 
and  Rouelle.  Finally,  there  is  a^fourth  form, 
which  is  very  irregular  ;  namely,  that  of  a  white 
tnafs^  frequently  filled  with  long,  filky,  flexi* 
ble,  minute  needles ;  but  this  belongs  to  ano- 
ther folution,  or  another  modification  of  the 
nitrate  of  mercury,  the  properties  of  which  it 
is  neceffary  that  we  fliould  confidcr. 

88.  Though  fome  chemifts  have  indicated 
the  ftate  of  this  fecond  nitric  folution  before 
Bergman,  it  is  to  him  that  we  are  indiebted  for 
our  firft  accurate  knowledge  of  this  remarkable 
modification  of  the  mercurial  nitrate.  This 
illuftrious  chemift  has  obferved,  in  his  Differ- 
tation  on  the  Analyfis  of  waters,  that  the  iiitric 
folutions  of  mercury  differ  from  each  other, 
according  to  the  manner  in  which  they  have  - 
been  prepared.  That  -which  is  made  In  the 
cold,  of  which  I  have  already  treated,  and 
which  was  not  attended  with  any  extrication  of 
red  vapours,  is  not  decompofable  by  diftilled 
water;  but  if  the  folutioii  has  been  effeded 
with  the  aid  of  heat,  if  a  large  quantity  of 
nitrous  gas  has  been  difengaged  in  the  opera- 
tion, it  will  be  precipitated  by  water,  and  it 
will  no  longer  be  capable  of  being  ufed  as  a 
fure  re-agent.     I  fliall  not  enter  here  into  a 
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difcuffion  of  the  erroneous  theory  which  Berg- 
man adopted  in  order  to  explain  this  difference ; 
but  I  fliall  lay  down  that  which  I  have  been 
led  to  adopt,  by  my  experiments  upon  this 
fubjeS.  This  phenomenon  proceeds  from  the 
fame  caufe  in  the  nitric  folution  as  in  the  ful- 
phuric.  This  kind  of  folution,  with  excefs  of 
mercury,  is  precipitated  by  diflilled  water,  be- 
qaufe  this  alters  the  denfity  of  the  liquor,  and 
diminiihes  the  adhelion  of  the  oxide  of  mer- 
cury with  the  nitric  acid :  accordingly,  the  ' 
precipitate  is  nitrate,  with  a  great  excefs  of 
mercury,  very  highly  oxidated;  and  very  yellow, 
if  we  pour  the  folution  into  hot  water;  or  white, 
if  we  px>ur  it  into  cold  water.  We  may  give 
the  yellow  colour  of  turpeth  to  the  latter  by 
washing  it  in  boiling  water  at  the  very  moment 
of  its  precipitation.  The  folution  effected  in 
the  cold,  on  .the  contrary,  containing  only 
nitrate  without  excefs  of  mercury,  as  it  is  only 
with  the  aid  of  heat  that  it  can  charge  itfelf 
with  a  redundance  of  oxide,  diftilled  water 
cannot  produce  any  precipitation  in  it.  This 
propofitioii  is  proved  by  the  circumftance,  that 
jwe  may  render  at  pleafure  tlie  fame  mercurial 
folution  decompofable  or  not  decompofable  by 
water,  by  addling  to  it  either  oxide  of  mercury 
or  acid,  and  cauie  it  to  pafs  feveral  times  fuc- 
ceffively  from  one  to  the  other  of  thefe  ftates. 
If  we  add  mercury  to  a  nitric  folution  of  this 
metal  mside  in  the  cold  and  pot  precipitable  by 
'wsttet,  aiding  the  uflion  by  tlie  application  of 
:  4  heat, 
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heat,  it  charges  itfelf  with  frefh  oxide,  and 
becomes  capable  of  being  precipitated  by  water. 
If  we  heat  for  fome  time  the  fame  folution  of  ] 
mercury,  the  nature  of  which  is  not  changed 
by  the  addition  of  water,  it  foon  becomes  capa- 
y  '  ble  of  being  changed  in  this  manner,  as  we 
have  thus  diminifhed  the  proportion  of  its 
acid,  and  increafed  that  of  the  oxide  of  mer- 
cury, as  well  as  its  oxidation,  as  is  proved  by 
the  difengagement  of  nitrous  gas  which  takes 
place  in  this  experiment ;  the  oxide,  on  account 
of  its  abundance  and  its  furcharge  of  oxigen, 
no  longer  adheres  to  the  acid  as  it  did  before, 
and  the  water  has  now  the  power  of  feparating 
it,  and  precipitating  it  in  a  white  or  yellowiih 
powder.  This  kind  of  folution  forms  with 
the  muriatic  acid  a  foluble  fait,  whilft  that  oH 
the  neutral  nitratt^  or  of  the  acid  nitrate  of 
mercury  forms  an  infoluble  fait  with  this  acid. 
83.  The  precipitate  thus  obtained,  is  not, 
however,  compofed  of  all  the  oxide  of  mercury 
combined  with  the  nitric  acid  :  however  large 
a  quantity  of  water  we  may  employ  in  order 
to  form  it,  there  always  exifts  in  the  liquor, 
after  the  feparation  of  its  depofition,  a  fmall 
portion  of  oxide  combined  with  the  remaining 
acid.  I  have  alfo  found  that  the  fame  liquor  is 
capable  of  yielding  cryftals  of  nitrate  of  mer- 
cury, and  that  its  habitudes  are  in  many  refpeSs 
fimilar  to  thofe  of  the  firft  folution  which  is 
indecompofable  by  water  alone.  I  therefore 
conclude  from  all  thefe  fafts,  and  from  all  the 
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fkfts  hitherto  known  refpefting  the  comhination 
T)f  the  Bitric  acid  and  mercury,  that  three  fpe- 
cies  of  combination  fubliit  between  this  acid 
and  llie  oxide  of  thLi  metal,-  as  there  are  three 
fpecies  of  fulphates  of  mercury  ;  and  I  diftin- 
guifli  three  nitrates  according  to  the  fame  prin* 
ciple;  and  by  analogous  denominations ;.  viz. 

41;  The  neutral  nitrate  of  mercury:  thsii 
which  is  yielded  by  the  folution  in  good  con-* 
dition,  or  which  is  not  precipitated  by  water. 

k.  The,  acid  nitrate  of  mercury.  This  is 
obtained  by:diffolving  the  firft  in  water,  charged 
with  more  or:Iefs  nitric  acid,  or  by  adding 
this  acid  in  any  -manner  to  the  two  other 
nitrates ;  it  is  the  moft  frequent  produd;  ob- 
tained in  the  greater  number  of  the  folutions 
of  mercury,  made  for  the  purpofes  of  pharmacy 
and  of  the  macufaciures. 

.  je»  The  nitrate  icith  excefs  of  oxide  of  mer^ 
cury:  it  exifis  in  the  folution  which  is  preci- 
pitated by  water,  or  which  was  formerly  deno- 
minated in  bad  condition,  or  when  we  treat  the 
two  firft  fpecies  by  the  action  of  fire ;  it  fre- 
quently palfes  into  the  ftate  of  yellow  oxide  at 
the  moment  of  its  precipifation,  or  fome  infiants 
after^  and  becomes  what  was  formerly  termed 
Nitrous  Turpeth. 

•84.  Though,  thefe  three  nitrates  refemble 
-each  other  in  federal  of  their  properties,  and  in 
fome  of  the  phenomena  that  attend  their  de- 
cbmpofition,  they,  ;  however,  prcfent  fome  dit- 
£^reac^  which  it  is  ufeful  to. know  and  appre* 
.  ciate ; 
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heat,  it  charges  itfelf  with  frefh  oxide,  and 
becomes  capable  of  being  precipitated  by  water. 
If  we  heat  for  fome  time  the  fame  folution  of 
mercury,  the  nature  of  which  is  not  changed 
by  the  addition  of  water,  it  foon  becomes  capa- 
y  '  ble  of  being  changed  in  this  manner,  as  we 
have  thus  diminifhed  the  proportion  of  its 
acid,  and  increafed  that  of  the  oxide  of  mer- 
cury, as  well  as  its  oxidation,  as  is  proved  by 
the  difengagement  of  nitrous  gas  which  takes 
place  in  this  experiment ;  the  oxide,  on  account 
of  its  abundance  and  its  furcharge  of  oxigen, 
no  longer  adheres  to  the  acid  as  it  did  before,  ^ 
and  the  water  has  now  the  power  of  feparating 
it,  and  precipitating  it  in  a  white  or  yellowifli 
powder.  This  kind  of  folution  forms  with 
the  muriatic  acid  a  foluble  fait,  whilft  that  (rf 
the  neutral  nitratCy  or  of  the  acid  nitrate  of 
mercury  forms  an  infoluble  fait  with  this  acid. 
83.  The  precipitate  thus  obtained,  is  not, 
however,  compofed  of  all  the  oxide  of  mercury 
combined  with  the  nitric  acid  :  however  large 
a  quantity  of  water  we  may  employ  in  order 
to  form  it,  there  always  exifts  in  the  liquor, 
after  the  feparation  of  its  depofition^  a  fmall 
portion  of  oxide  combined  with  the  rem^ing 
acid.  I  have  alfo  found  that  the  fame  liquor  is 
capable  of  yielding  cryftals  of  nitrate  of  mer- 
cury, and  that  its  habitudes  are  in  many  refpeSs 
fimilar  to  thofe  of  the  firft  folution  which  is 
indecompofable  by  water  alone.  I  therefore 
conclude  from  all  thefe  fafts,  and  from  all  the 
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fafts  hitherto  known  refpeding-  the  combination 
of  the  nitric  aeid  and  mercury,  that  three  fpe- 
cies  of  combination  fubfift  between  this  acid 
and  the  oxide  of  this  metal,'  as  there  are  three 
fpecies  of  fulphates  of  mercury  ;  and  I  diftin- 
guifli  three  nitrates  according  to  the  fame  prin- 
ciple; and  by  analogous  denominations  ^  viz.  i 

0i  The  neutral  nitrate  of  mercury :  th^i 
which  is  yielded  by  the  foliition  in  good  con- 
ditio%  or  which  is  not  precipitated  by  water. 

4.  The  ajsid^  nitrate  of  mercury.  This  is 
obtained  byrdiffolving  the  firft  in  water,  charged 
with  more  cr:lefs  nitric  acid,  or  by  adding 
this  acid  .in  any^manner  to  the  two  other 
nitraties  ;  it  is  the  moft  frequent  produfl;  obf 
tainedSn  the  greater  number  of  the  folutions 
of  mercury,  made  for  the  purpofes  of  pharmacy 
and  of;  the  maiiufadures. 
.  Xi'^The  mtrate'with  excefs  of  oside  of  mer^ 
cury:  it  exilis  in  the  folution  which  is  preci- 
pitated by  ^water,  or  which  was  formerly  deno- 
minated in  bad  condition,  or  when  we  treat  the 
two  firft  fpectes  by  the  action  of  fire ;  it  fre- 
qiuently  patifes  into  the  ftate  of  yellow  oxide  at 
the  moment  of  its  piecipijtation,  or  fome  inftants 
after,  and  becomes  what  was  formerly  termed 
Nitrous  Tur pet h. 

,  .gi;  Though,  thefe  three  nitrates  refemble 
-^acji  .Qthefr  in  federal  of  their  properties,  and  in 
feme-  of  the  phenomena  that  attend  their  de- 
compofition,  they,  ; however,  prcfent  fome  dif- 
£ereao^ which  it  is  ufeful  to. know  and  appre- 
i  ciate ; 
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heat,  it  charges  itfelf  with  frefli  oxide,  and 
becomes  capable  of  being  precipitated  by  water. 
If  we  heat  for  fome  time  the  fame  folution  of 
mercury,  the  nature  of  which  is  not  changed 
by  the  addition  of  water,  it  foon  becomes  capa- 
y  '  ble  of  being  changed  in  this  manner,  as  we 
have  thus  diminifhed  the  proportion  of  its 
acid,  and  increafed  that  of  the  oxide  of  mer- 
cury, as  well  as  its  oxidation,  as  is  proved  by 
the  difengagement  of  nitrous  gas  which  takes 
place  in  this  experiment ;  the  oxide,  on  account 
of  its  abundance  and  its  furcharge  of  oxigen, 
no  longer  adheres  to  the  acid  as  it  did  before,  ^ 
and  the  water  has  now  the  power  of  feparating 
it,  and  precipitating  it  in  a  white  or  yellowifli 
powder.  This  kind  of  folution  forms  with 
the  muriatic  acid  a  foluble  fait,  whilft  that  oH 
the  neutral  nitrate^  or  of  the  acid  nitrate  of 
mercury  forms  an  infoluble  fait  with  this  acid, 
83.  The  precipitate  thus  obtained,  is  not, 
however,  compofed  of  all  the  oxide  of  mercury 
combined  with  the  nitric  acid  :  however  large 
a  quantity  of  water  we  may  employ  in  order 
to  form  it,  there  always  exifts  in  the  liquor, 
after  the  feparation  of  its  depofitioni  a  fmall 
portion  of  oxide  combined  with  the  rem^ing 
acid.  I  have  alfo  found  that  the  fame  liquor  is 
capable  of  yielding  cryftals  of  nitrate  of  mer- 
cury, and  that  its  habitudes  are  in  many  refpeSs 
fimilar  to  thofe  of  the  firft  folution  which  is 
indecompofaWe  by  water  alone.  I  therefore 
conclude  from  all  thefe  fafts,  and  from  all  the 
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fafts  hitherto  known  refpeding  the  combination 
of  the  nitric  acid  and  mercury,  that  three  fpe- 
cies  of  combination  fuhfift  between  this  acid 
and  the  oxide  of  this  metal,-  as  there  are  three 
fpecies  of  fulphates  of  mercury  ;  and  I  diftin- 
gxxiih  three  nitrates  according  to  the  fame  prin- 
ciple; and  by  analogous  denominations  ;i  viz.  i 
0i  The-  neutral  nitrate  of  mercury :  ^  that 
which  is  yielded  by  the  foliition  in  good  con- 
dition,' or  which  is  not  precipitated  by  water. 
k.  The,  amd'  nitrate  of  mercury.  This  is 
obtained  by.diffolving  the firft  in  water,  charged 
with  more  or.lefs  nitric  acid,  or  by  adding 
this  aoid  in  any  ^manner  to  the  two  other 
nitraties  ;  it  is  the  moft  frequent  produfl;  obf 
tainedSn  the  greater  number  of  the  folutions 
of  mercury,  made  for  the  purpofes  of  pharmacy 
and  of  the  manufactures. 

,  X. 'The  nitrate' with  ejrcejs  of  oxide  of  mer^ 
cury :  it  exitis  in  the  folution  which  is  preci- 
pitated by  water,  or  which  was  formerly  deno- 
minated in  bad  condition,  or  when  we  treat  the 
two  firft  fpecies  by  the  aoilon  of  fire ;  it  fre- 
quently palfes  into  the  ftate  of  yellow  oxide  at 
the  moment  of  its  precipijtation,  or  fome  inftants 
after,  and  becomes  what  was  formerly  termed 
Nitrous  Turp^th. 

.  '84.  Though,  thefe  three  nitrates  refemble 
each  .other  in  federal  of  their  properties,  and  in 
fome  of  the  ptenoniena  that  attend  their  de- 
compofition,  they,  ; however,  prefent  foiiie  dif- 
ftrence;i which  it  is  ufeful  tb.know  aiid  appre-i 
L  ciate ; 
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heat,  it  charges  itfelf  with  frefli  oxide,  and 
becomes  capable  of  being  precipitated  by  water. 
If  we  heat  for  fome  time  the  fame  folution  of 
mercury,  the  nature  of  which  is  not  changed 
by  the  addition  of  water,  it  foon  becomes  capa- 
y  '  ble  of  being  changed  in  this  manner,  as  we 
have  thus  diminifhed  the  proportion  of  its 
acid,  and  increafed  that  of  the  oxide  of  mer- 
cury, as  well  as  its  oxidation,  as  is  proved  by 
the  difengagement  of  nitrous  gas  which  takes 
place  in  this  experiment ;  the  oxide,  on  account 
of  its  abundance  and  its  furcharge  of  oxigen, 
no  longer  adheres  to  the  acid  as  it  did  before, 
and  the  water  has  now  the  power  of  feparating 
it,  and  precipitating  it  in  a  white!  or  yellowifli 
powder.  This  kind  of  folution  forms  with 
the  muriatic  acid  a  foluble  fait,  whilft  that  (rf 
the  neutral  nitrate^  or  of  the  acid  nitrate  of 
mercury  forms  an  infoluble  fait  with  this  acid. 
83.  The  precipitate  thus  obtained,  is  not, 
however,  compofed  of  all  the  oxide  of  mercury 
combined  with  the  nitric  acid  :  however  large 
a  quantity  of  water  we  may  employ  in  order 
to  form  it,  there  always  exifts  in  the  liquor, 
after  the  feparation  of  its  depofition,  a  fmall 
portion  of  oxide  combined  with  the  remaining 
acid.  I  have  alfo  found  that  the  fame  liquor  is 
capable  of  yielding  cryftals  of  nitrate  of  mer- 
cury, and  that  its  habitudes  are  in  many  refpeSs 
fimilar  to  thofe  of  the  firft  folution  which  is 
indecompofaWe  by  water  alone.  I  therefore 
conclude  from  all  thefe  fafts,  and  from  all  .the 
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fafts  hitherto  known  refpeding-  the  combination 
t>f  the  nitric  aeid  and  mercury,  that  three  fpe- 
cies  of  combination  fuhfift  between  this  acid 
and  the  oxide  of  this  metal,-  as  there  are  three 
fpecies  of  fulphates  of  mercury  ;  and  I  diftin- 
gniih  three  nitrates  according  to  the  fame  prin- 
ciple; and  by  analogous  denominations  $  viz.  i 

ai  The-neiUral  nitrate  of  mercury:  th^i 
which  is  yielded  by  the  foliition  in  good  con- 
ditiony  or  which  is  not  precipitated  by  water. 

k.  The,  asid'  nitrate  of  mercury.  This  is 
obtained  byrdiffolving  the  firft  in  water,  charged 
with  more  or.lefs  nitric  acid,  or  by  adding 
this  acid  J  U"  any  ^manner  to  the  two  other 
nitraties  ;  it  is  the  moft  frequent  produS  ohr 
tainedrSn  the  greater  number  of  the  folutions 
of  inerciiry,  made  for  the  purpofes  of  pharmacy 
and  of;  the  manufactures. 

.  Xi'^The  nitrate  with  ejccefs  of  oside  of  mer^ 
cury :  it  exifls  in  the  folution  which  is  preci- 
pitated by  water,  or  which  was  formerly  deno- 
minated in  bad  condition,  or  when  we  treat  the 
two  firft  fpecies  by  the  acllon  of  fire;  it  fre- 
quently palfes  into  the  ftate  of  yellow  oxide  at 
the  moment  of  its  precipitation,  or  fome  inftants 
after,  and  becomes  what  was  formerly  termed 
Nitrous  Tur pet h. 

.  iSi.  Though,  thefe  three  nitrates  refemble 
each , other  in  federal  of  their  properties^  and  in 
fome  of  the  ptenoniena  that  attend  their  de- 
cbmpofition,  they,  ; however,  prefent  fohiedif- 
ftrence;i  which  it  is  ufeful  to  know  and  appre-i 
1  ciate ; 
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^iate;i  this  wc  may  do  by  examining  the 
charafters  of  the  real  nitrate  of  mercury,  of 
that  which  is  neutral,  which  water  does  not 
feparate  from  its  folution,  and  which  fo  fre- 
quently paflfes  into  the  acid  ftate,  or  the  ftate 
Surcharged  with  oxide,  in  the  different  treat- 
ments to  which  it  is  fubj^^ted.  We  fliall  fooa 
fee  that  the  examination  6f  this  will  naturally 
<^ndu£l  us  to  the  knowledge  of  the  two  others. 
The  nitrate  of  mercury.  When  placed  upon  a 
piece  of  burning  charcoal,  detonates  feebly, 
though  with  a  fufliciently  bright  and  briflc  flam^ 
if  we  have  taken  care  to  drain  it  well,  or  even 
dried  it  previoufly  between  two  pieces  of  paper: 
when  it  is  moift,  it  fufes,  becomes  black, 
extinguifhes  the  portion  of  lighted  charcoal 
which  it  occupies,  throws  out  fmall  reddifli 
fparks,  with  a  flight  decrepitation  at  its  dry 
fides.  The  nitrate  with  excefs:  of  acid, .  bdls, 
becomes  liquid  very  quickly,  fwells  confidera-' 
bly>  exhales  a  large  quantity  of  red  vapour^  . 
End  detonates  only  in  a  very  feeble  manner. 
If  we  heat  the  neutral  nitrate  of  mercury  in  a 
crucible,  without  the  conta6t  of  combufti- 
ble  matter,  it  melts,  exhales  nitrous  gas^ 
aflfumes  a  deep  yellow  colour,  from  which  it 
foon  palies  to  the  orange,  and  from  thence  to 
the  bright  red :  in  this  ftate  it  was  formerly 
termed  red  precipitate;  in  the  Methodicd 
Nomenclature  it  is  difiinguifhed  by  the  name  of 
red  oxide  of  mercury  by  the  nitric  ucid.  It  is 
frequently  prepared,  in  order  to  ^xvq  the  pur- 
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po'fe  of  ati  efcharotic  in  furgery,  by  heating 
and  decompofmg  the  nitrate  in  medicinal  phials. 
When  riiis  operation  is  performed  flo^ly  and 
eautioufly,  it  is  obtained  in  the  form  of  fine 
brilliant  fcales  of  the  moft  beautiful  purple 
colour,  and  poffefling  a  confiderable  degree  of 
acrimony.  It  does  not  contain  any  acid  when 
it. is  woU  prepared  and  homogeneous  :  it  is  no- 
thing more  than  a  pure  red  oxide  of  merxjury, 
in  every  i^fpe<5Kimilar  to  that  which  is  obtained 
by  limple  oxidation  in  tlie  air ;  and  thofe  che- 
mifts  who  have  attributed  its  caufticity  to  the 
prefence  of  the  nitric  acid  have  been  miftaken. 
When  it  dill  retains  any  of  this  acid,  it  is  be- 
eaufe  it  is  not  true  red  precipitate,  becaufe  it 
has  not  been  fufficiently  heated,  and  becaule  it 
ftill  contains  fome  portions  of  yellow  nitrate  of 
mercury,  whicb^  together  with  the  portion  of 
red  oxide  that  has  been  formed,  conftitute  an 
orange-coloured  powder :  accordingly,  in  or- 
der to  be  well  prepared,  it  is  neccflary  that  it 
fliould  be  of  a  beautiful  bright  purple  colour, 
without  mixture  of  yellow,  green,  orange, 
or  white.  It  is  very  evident  that  its  acrimony 
depends  upon  the  oxigen  and  its  ftate  of  real 
red  oxide,  l^offibly  fomc  advantage  may  be 
gained  in  furgery  by  not  carrying  its  decom- 
pofition  quite  fo  far,  but  by  leaving  a  little 
nitric  acid  in  it,  in  order  to  render  it  more 
Ipeedily  and  powerfully  cauftic  :  tWs,  however, 
is  not  the  true  red  oxide  of  the  chemifts,  who 
ought  to  coatiivie  tlie  procefs  till  it  contains  no 
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more  acid.  This  experiment  proves,  that  the 
white,  oxide  of  mercury,  united  in  a  fali^e  form 
with  the  nitric  acid,  at  a  high  temperature, 
decompofes  this  acid,  deprives  it  of  its  oxi* 
gen,  reduces  it  to  the  ftate  of  .oxide  of  azote, 
paffes  itfelf  to  the  maximum  of  its  oxidation, 
and  ihows  that  it  is  a  commencement  of  this 
a&ion  which  takes  place  whenever  we  heat  the 
fame  fait  in  folution,  efpecially  when  we  caufe 
it  to  pafs  frpm  the  ftate  of  neutral  nitrate, 
to  that  of  nitrate  with  excefs  of  oxide,  and  de- 
compofable  by  water." 

85.  We  fee  ftill  better  what  takes  place  in 
this  decompofition  of  the  nitrate  of  mercury 
by  the  fire,  if  we  perform  the  experiment  in  a  re- 
tort; as  long  as  it  is  fufed  and  yellow,  it  yields 
acidulous  water  and  nitrous  gas.  From  the 
moment  that  it  has  become  red,  it  yields  no- 
thing elfe  but  oxigen  gas,  mixed,  efpecially 
towards  the  end,  with  a  little  azotic  gqs.  In 
order  to  obtain  this  laft  produ6l,  a  ftronger  fire 
is  requifite  than  for  the  firft.  In  proportion  as 
the  oxigen  gas  is  difengaged,  the  oxide  is  re- 
duced, and  paffes  into  the  ftate  of  running 
mercury,  like  the  oxide  per  fe,  from  ivhich  it 
differs  only  in  the  fmall  portion  of  azotic  gas, 
proceeding  from  the  nitric  acid  which  is  found 
amongft  its  aeriform  produfts.  It  was  with  this 
beautiful  experiment  that  Lavoifier  commenced 
his  analyfis  of  the  nitric  acid,  and  it  was  from 
this  that  he  gradually  afcended  to  the  general 
knowledge  of  the  nature  of  the  other  acids, 

and  of  the  thfiiory  of  acidification. 

86.  The 
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86.  The   pure   neutral  nitrate  of   mercury, 
when  expofed  to  the  air  in  cryftals,    is  incef- 
fantly  altered  ;.  it  gradually  abforbs  the  atmo- 
fpheric  oxigen  ;  it  paffes  from  the  white  to  tlie 
yello>r  colour;  it  cannot  be  preferved  without 
alteration,  except  in  clofe  veffels ;  when  it  has 
all  limed  a  yellow  colour  at  its  furface,  if  we 
attempt  to  diflblve  it  in  water,  .a  powder  fepa- 
rates  of  the  fame  colour — pale  if  the  water  be 
cold,  and  deeper  if  it   be  boiling.     This  was 
the  nitrous  ^urpeth  of  Monnet,  and  its  forma- 
tion is  known  from  what  has  been  faid  above. 
This  powder  is  a  yellow  oxide,  retaining  a  finall 
quantity  of  nitric  acid  ;  it  is  a  nitrate  with  ex- 
cefs  of  oxide  of  mercury,  which  paffes  more 
eafily  and  fpeedily  into  the  ftate  of  precipitate 
or  red  oxide  when  we  heat  it,  fmce  it  has  already 
undergone  part  of  its  deco^pofition  as  nitrate 
of  mercury.     Boiling  water  renders  its  colour 
deeper,  not  only  becaufe  it  favours  its  union 
with  the  atmofpheric  oxigen,  but  alfo  becaufe 
it  feparates  from  it  a  portion  of  white  nitrate  of 
mercury  which  is  ftill  mixed  with  it :  it  is  even 
remarked  that  this  fpecies  of  nitrous  turpetk  is 
more  oxidated  than  that  formed  by  the  fuU 
phuric  acid,  as  it  is  much  mpre  loaded  with 
oxigen  by  the  firft  than  by  the  fecond  of  thefe 
acids.     Accordingly,  it  paffes  quickly  into  the 
ftate  of  red  oxide  by  the  aftjoa,  of  the*  fire, 
whilft  that  which  proceeds  from  the  fulphuric 
acid  does  not  undergo  this  fpecies  of  decompo-* 
iition  but  with  great  difficulty. 

87.  It 
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more  acid.     This  experiment  proves,  that  the" 
white,  oxide  of  mercury,  united  in  a  fali^e  fomi. 
with  the  nitric  acid,  at  a  high  temperature^ 
decompofes  this  aeid,    deprives  it  of  its  oxi-- 
gen,   reduces  it  to  the  ftate  of  .oxide  of  azote^ 
paffes  itfelf  to  the  maximum  of  its  oxidation, 
and  ihows  that  it  is  a  commencement  of  thi^ 
a&ion  which  takes  place  whenever  we  heat  the 
fame  fait  in  folution,  efpecialiy  when  we  caufe 
it  to  pafs  from  the  ftate  of  neutral  nitrate, 
to  that  of  nitrate  with  excefs  of  oxide,  and  de- 
compx>fable  by  water." 

85.  We  fee  ftill  better  M^hat  takes  place  in 
this  decompofition  of  the  nitrate  of  mercury 
by  the  fire,  if  we  perform  the  experiment  in  a  re- 
tort; as  long  as  it  is  fufed  and  yellow,  it  yields 
acidulous  water  and  nitrous  gas.  From  the 
moment  that  it  has  become  red,  it  yields  no- 
thing elfe  but  oxigen  gas,  mixed,  efpecialiy 
towards  the  end,  with  a  little  azotic  gqs.  In 
order  to  obtain  this  laft  produ6i;,  a  ftronger  fire 
is  requifite  than  for  the  firft.  In  proportion  as 
the  oxigen  gas  is  difengaged,  the  oxide  is  re- 
duced, and  paffes  into  the  ftate  of  running 
mercury,  like  the  oxide  per  /e,  from  which  it 
differs  only  in  the  fmall  portion  of  azotic  gas, 
proceeding  from  the  nitric  acid  which  is  found 
amongft  its  aeriform  produfts.  It  was  with  this 
beautiful  experiment  that  Lavoifier  commenced 
his  analyfis  of  the  nitric  acid,  and  it  was  from 
this  that  he  gradually  afcended  to  the  general 
knowledge  of  the  nature  of  the  other  acids, 

and  of  the  th£«)ry  of  acidification. 

86.  Tlie 
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86.  The   pure   neutral  nitrate  of   mercury, 
'M'hen  expofed  to  the  air  in  cryftals,    is  incef- 
fantly  altered  ;,  it  gradually  abforbs  the  atmo- 
spheric oxigen  ;  it  paffes  from  the  white  to  tlie 
yello^r  colour;  it  cannot  be  preferved  without 
alteration,  except  in  clofe  veffels ;  when  it  has 
all  limed  a  yellow  colour  at  its  furface,  if  we 
attempt  to  diflblve  it  in  water,  .a  powder  fepa- 
rates  of  the  fame  colour — pale  if  the  water  be 
cold,  and  deeper  if  it   be  boiling.     This  was 
the  nitrous  ^urpeth  of  Monnet,  and  its  forma- 
tion is  known  from  what  has  been  faid  above. 
This  powder  is  a  yellow  oxide,  retaining  a  linall 
quantity  of  nitric  acid  ;  it  is  a  nitrate  with  ex- 
cefs  of  oxide  of  mercury,  which  paffes  more 
eafily  and  fpeedily  into  the  ftate  of  precipitate 
or  red  oxide  when  we  heat  itj  fmce  it  has  already 
undergone  par^  of  its  deco^pofition  as  nitrate 
of  mercury.     Boiling  water  renders  its  colour 
deeper,  not  only  becaufe  it  favours  its  union 
with  the  atmofpheric  oxigen,  but  alfo  becaufe 
it  feparates  from  it  a  portion  of  white  nitrate  of 
mercury  which  is  dill  mixed  with  it :  it  is  even 
remarked  that  this  fpecies  of  nitrous  turpetk  is 
more  oxidated  than  that  formed  by  the  fuU 
phuric  acid,  as  it  is  much  mpre  loaded  with 
oxigen  by  the  firft  than  by  the  fecond  of  thefe 
acids.     Accordingly,  it  paffes  quickly  into  the 
ftate  of  red  oxide  by  the  aftjoa.  of  the-  fire, 
whilft  that  which  proceeds  from  the  fulphuric 
acid  does  not  undergo  this  fpecies  of  decompo-* 
iition  but  with  great  difficulty. 

87.  It 
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\v^jTaL\.nitrat^  of  niercury  and  nitrite  of  aife- 
.tDonia  ;•  Avben  %ht  liquor  thit  fcais  been  rendered 
.turbid  by  the.  addition  of  water  is,  evaporated, 
•it  dcpofits  prifmatic  cry ftals  with  fix  fides,  in 
::proportion  as  the  free  ammonia  is  volatilized. 
*Tbe  white  precipitate  is  a  neutral  fait,  a  kind  of 
very  foluble  ammoniaoo-mercurial  nitrate,  with 
excefs  of  oxide  of  mercury  and  of  ammonia  re- 
latively to  the  pr(>portion  of  nitric  acid,  ixi  which 
the  oxide,  of  mercury  appears  to  be  faturated 
with  ammonia,  and  to  form  a  fort  of  alnmoni* 
acal   niercuriate.  .  It  is   compofed   in  faft  of 
.()8>20   of  oxide   of  mercury,   1j6:  of  ammonia, 
and  15,80  of  nitric. acid  and  wdter> 

85.  The  combination  of  the  :oxide  of  mer- 
cury with  ,the  muriatic  acid,  form$  two  very 
important  compounds,  with  winch  chennfts 
have  occupied  thcmfelves  a  great  deal  iduring 
nearly  a  century  paft,  and  which  have  particu- 
larly been  the  fubje6l  of  very  fine  difcoveries 
in  the  pneumatic  doftrine.  We  might  even  affert, 
that  the  numerous  fafts  that  had  been  obferved 
and  defcribed  relative  to  the  falts,  previous  to 
the  eftabliihment  of  this  doclrine,  were  more  fit 

T 

to  obfcure  than  enlighten  the  knowledge -of 
their  properties.  The  fame  holds  good  with  the 
relation  of  thefe  fa6ts  to  the  pneumatic  doc- 
trine, as  with  all  thofe  that  belong  the  impor- 
tant hiftory  of  mercury:  we  find Jn, this  expo- 
fition,  or  in  the  colledlive  view  of  them,  on 
the  one  hand,  the  true  foundation  of  the  doc- 
trine of  the  French  chemifts,  and,  on  the  other, 

the 
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the  only  happy  explanation  of  their  caufes  and 
effefts.  This  two-fold  reafou  exa6ls  that  we 
Ihould  inveftigate  with  care,  and  examine 
in  detail,  whatever  relates  to  the  union  of 
thefe  fubftances;  The  Arabs  had  fome  notions 
fconcerning  th^  muHates  of  mefcUry,  in  the 
tenth  and  eleventh  centuries ;  the  alchemifts 
were  th^  firtl  who  difcovered  and  defcribed 
thSm,  anjongft  the  experiments  which  they 
made  upon  the  Philofopher's  Stone ;  the  pharma*- 
cological  chemifts  have  particularly  occupied 
themfelves  with  then).  Bergman  has  inftituted 
a  long  examination  of  them;  but  he  neither 
knew  their  nature,  not  fufpefled  their  differ- 
ences, in  the  year  J  769;  a  period  at  whicb> 
indeed,  it  was  yet  impoflSble  to  comprehend 
their  differences  and  their  compofition.  Citi- 
zen Bexthollet  i^  the  firft  who,  after  his  in- 
quiries jreipe6ling  the  oxigenated  muriatic  acid, 
has  explained  the  two  principal  ftates  of  muri- 
jite  of  mercury,  and  has  given  a  clear  account 
of  their  diftijv6live  charafters  according  to  his 
ingenious  experiments.  Since  his  difcoveries, 
tihe  hiftoxy  of  ite  irtiportant  con;ibinatiC)ns  has  np 
longer  fSHrefemt^  ^ny  pbfcurity,  but  ha^  ^6iur 
ally  becQf»i^  on^  of  the  triumphs  pf  the  pi-ieu- 
xoatic  d<o6ltine,  M  will  appear  frprn  tli^  ^;^pQ^ 
iion  whicb  I  purppfe  to  give  of  if. 

©0»  Tb^  muri^iq  acid  exerts  no  aifilion  upon 

mtvcwy,  neither  in  tJ^  cold  nor  with  the  ^p* 

yUe^tJOU  pf  Jjieajt.  It  has  however  b^^n  pr^r 
i^cidied,  that  "wh^  the  a<:id  md  the  mpteil  are 
^    V^L.  V,       /  H  h  brought 
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brought  together  in  the  ftate  of  vapour,  they 
unite  and  form  a  compound  faline  fublimate. 
Poidletier-de-la-Salle,  the  French  editor  of  the 
Pharmacopoeia  of  London,  quotes  an  experi- 
ment, in  which  he  formed  corrofive  muriate  of 
mercury  by  this  procefs  ;  but  it  is  evident  that 
only  a  very  fmall  quantity  of  fait  can  be  ob- 
tained in  this  manner,  becaufe  the  mercury,  even 
in  the  ftate  of  vapour,  exerting  no  a6iion  either 
upon  water  or  the  muriatic  acid,  and  not  being 
able  to  take  away  oxigen  from  either  of  thefe 
^ubftances,  cannot  unite  with  this  acid  except- 
ing fo  far  as  it  may  have  been  oxidated  at  firft 
by  the  air  of  the  apparatus ;  and  however  large 
the  veffel  may  be,  it  is  difficult  for  the  metal  to 
become  fenfibly  oxidated  by  this  fimple  procefs. 
Accordingly,  all  the  authors  who  have  indicated 
this  procefs,  agree  that  it  furniflies  but  very 
little  fait,  and  that  it  is  more  curious  than 
^fefiil. 

^  Ql.  But  though  the  muriatic  acid  exerts  no 
aft  ion  upon  mercury,  it  exerts  a  very  ftrongonc 
upon  the  oxides  of  this  metal,  as  Was  firft  Ihown 
by  Margraif  in  1 746.  The  manner  in  which  thefe 
oxides  are  attacked  by  the  muriatic  acid,  varies 
according  to  their  ftate  of  oxidation  and  the 
quantity  of  oxigen  they  contain.  The  black 
oxide  is  fcarcely  fufceptible  of  combination 
with  it.  The  white  oxide  abforbs  it,  and  forms 
with  itabiackmiiriale,  infoluble  if  it  be  but  little 
o:t4dated,  and  a  foluble  muriate  when  it  is  more 
Oxidated  ;  for  many  fafts  prove  that  the  white 
*'----  -^  oxide 
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bKide  may  vary  in  its  oxidation.  The  yellow 
oxide,  atid  particularly  the  red  oxide,  when 
brought  iii  contaft  with  the  muriatic  aeid,  pro- 
Hux:e  a  fenfible  effervefcence  ;  oxigcnated  muri- 
atic acid  is  difengaged,  and  the  oxide,  paffing 
to  the  white  colour,  unite?5  with  the  other 
portion  of  muriatic  acid,  fo  ad  to  form  a  folu- 
ble  muriatei  Thefe  phenomena  prove  that  the 
attradion  between  the  oxides  of  mercury  and 
the  muriatic  acid  is  very  ftrong,  and  already 
indicate  that  there  may  be  two  kinds  of  com- 
bination, between  thefe  bodies. 

92.  To  this  attraftion  is  owing  tlie  iiianiier 
in  which  this  acid  afts  upon  the  folutions  of 
mercury  in  the  fulphuric  and  nitric  acids ;  ia 
general  it  carries  off  the  oxide  of  metcury 
irom  thofe  acids ;  but  it  produces  a  double  efFe6l 
with  thefe  two  falts,  according  to  their  (late. 
If  we  treat  the  yellow  fulphate  of  mercury,  or 
the  metallic  nitrate  precipitable  by  water,  as 
alfo  the  fdlid  yellow  nitrate  of  mercury,  with 
the  muriatic  acid,  we  form  a  foluble  muriate, 
which  is  termed  the  cbrrofive  muriate  of  wzer- 
curyj  on  account  of  its  exceflive  acrimony, 
and  Sometimes  fuper-i^o.vigenated  muriate  ofmer^ 
turjfj  on  account  of  the  fuper-abundance  of 
oxigen  which  the  fait  thus  prepared  contains 
in  its  Gompofition.  If,  on  the  contrary,  we 
treat  acid  or  neutral  fulphate  of  mercury,  or  the 
nitrate  of  mercury  not  precipitable  by  water^ 
with  this  acid,  we  obtain  in  the  mixed  liquors 
^heavj)  Cuidled,  white,  infoluble,  almoft  infipid 

H  h  2  precipitate. 
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precipitate,  which  was  formerly  termed  fwid 
mercury^  and  which  we  now  diftinguifli  by  the 
name  of  muriate  of  mercury,  or  mild  muriate 
of  mercury.  It  is  to  be  obferved,  that  we  ob- 
tain the  fame  refults,  whether  we  treat  the  al- 
kaline muriates,  and  efpecially  muriate  of  foda^ 
with  the  fulpliates  or  nitrates  of  mercury,  with 
the  aid  of  heat,  or  mix  the  folutions  of  thefe  dif- 
ferent falts  with  each  other.  The  only  difference 
in  the  produfts  is,  that  the  muriates  of  mercury 
are  volatilized  in  the  firft  cafe>  and  precipita- 
ted or  obtained  by  evaporation  oi  the  liquor* 
in  the  fecond ;  and  as  tbefe  falts  have  almoft 
always  been  prepared  in  chemiftry  in  the  dry 
way,  the  products  have  been  termed  the  corn- 
five  or  mild  fublimates. 

93.  When  we  place  running  mercury  in  con- 
taft  with  liquid  oxigenated  muriatic  acid,  the 
metal  is  quickly  oxidated,  and  converted  into 
a  black  and  grey  powder,  which  diffolves  ia 
this  acid  when  its  proportion  is  fufficiently 
larg-e.  The  folution  is  eifeded  without  effer- 
vefcence  or  motion,  for  the  mercury,  in  feizing 
iq^on  the  oxigen,  is  not  here  under  the  neceflity 
of  difengaging  that  principle  from  another  body 
which  is  obliged  to  efcape  in  the  form  of  gas.  If 
^the  proportion  of  oxigenated  muriatic  acid  is  but 
fcanty,  it  forms  a  white  powder,  which  is  the 
mild  mercurial  muriate  :  if  we  increafe  the 
proportion  of  the  oxigenated  acid,  tiie  faUnc 
powder  is  re-diffolved,  and  the  liquor  then 
holds  corrofive  mercurial  tnuj^nte  in  ibiution* 

It 
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It  h  evident  that  this  procefs,  which  is  very 
fimpie  and  expeditious,  is  one  of  the  beft 
that  can  be  employed  for  preparing  thefe  falts, 
though  I  do  not  know  that  it  has  been  praQif* 
ed  in  the  manufactories,  in  which  it  will  fooner 
or  later  be  adopted,  and  in  which  it  will  be 
fufficient  to  heat  in  clofe  veffels,  adapted  for 
fubiimation^  a  fort  of  pafte  or  mixture  made 
«Fith  fulphate  of  iron,  muriate  of  foda,  oxide 
of  mangane£e,  and  running  mercury ;  the  dofes 
will  be  varied,  in  order  to  obtain  either  corrofi  ve 
nmriate,  or  mild  muriate.  The  theory  of  thefe 
operations  is  very  fimple.  The  fulphate  of  iron, 
when  heated,  gives  out  its  fulphuric  acid,  which 
expels  the  muriatic  acid  from  the  marine  fait ; 
the  latter  acid  being  then  transferred  to  the  ox- 
ide of  manganefe,  paffes  into  the  oxigenated 
ftate,  foon  yields  its  oxigen  to  the  mercury, 
and  unites  with  its  oxide  into  the  ftate  of  mild 
muriate^  if  the  muriatic  acid  be  in  but  fmall 
quantity,  or  into  tlpt  of  corrojive  muriate^ 
if  its  qup,ntity  be  more  confiderable ;  thus  it 
will  be  fufficient  to  vary  the  refpeftive  propor- 
tions in  order  to  ol>tain  either  the  one  or  tlae 
other  of  thefe  produfts. 

94.  After  what  has  been  faid,  it  is  e^fy  to 
conceive  that  the  oxigenated  muriatic  acid 
ought  to  diffolve  all  the  oxides  of  mercury  much 
mone  eafily  than  it  does  the  liquid  metal;  ac- 
cordingly there  is  fcarce  one  of  them  with 
which  it  does  not  fojim  almoft  inftantaneoufly, 
and  at  the  moment  of  conta<!:^,  fuppr-oxigenated 

and 


470  MERCURY. 

t 

and   corrofive  muriate.     Alfo  if  we  mix  thi$ 
acid  with  the  fulphates  of  mercury,  in  whatever 
ftate  they  may  be,  it  con veits  them  all  into 
corrofive  muriate;   and  if  we  add  it  to  the 
nitric  folutions,  it  conftantly  rerdiflblves  the 
precipitates  which  it  firft  produces  in  them,  if 
we  apply  it  in  fufficient  quantity ;  there  are 
even  cafes  in  which  it  does  not  produce  atiy 
fenfible  precipitate   in  the    nitric  folution  of 
mercury;    fometimfs  even  the  folution,  when 
it  contains  a  very  highly  oxidated  oxide  of 
mercury,     is    not    rendered   turbid    by    the 
ordinary    muriatic    acid,    which   then    fornix 
corrofive  muriate  of  mercury,  a    proof  that 
the   confiderable  proportion  of  oxigen  is  the 
only  condition  neceffary  to  the  compofition  of 
the  fuper-oxigenated  muriate  of  mercury,  and 
that  it  is  indifferent  whether  this  proportion  be 
furniflicd  by  the  acid  or  by  the  oxide. 

95.  There  are  therefore  two  very  different 
combinationi^  between  the  muriatic  acid,  and 
the  oxide  of  mercury,  which  have  much  ana? 
logy  with  thofe  that  have  been  equally  diftin- 
guiihed  in  the  hiftory  of  the  fulphate.and  nitrate 
of  the  fame  metal,  depending,  as  in  thefe^ 
upon  the  proportion  of  the  oxigen,  and  which 
it  is  effentially  neceffary  to  ftudy  and  particu- 
larly defcribe.  We  fhall  foon  fee  that  there  is 
even  a^  third  with  excefs  of  acid.  What  has 
already  been  faid  concerning  the  general  nature 
of  thefe  muriates,  muft  have  been  fufficient  to 
prove  that  they  may  be  prepared  in  a  great 

number 
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number  of  different  ways.  Authors  have  alfo 
fingularly  differed  from  each  other  ^yith  refpe6l 
to  the  proceffes  proper  For  forming  thefe  two 
falts.  Wallerius,  already  in  his  time,  counted 
ten  methods  of  preparing  corroiive  fublimate 
Bergman,  in  his  differtation  written  in  1769, 
has  defcribed  a  great  number  of  them ;  but 
there  are  fome  that  are  more  generally  adopted 
on  account  of  their  fimplicity  and  fuccefs. 
Though  I  have  already  indicated  a  new  one 
which  may  anfwer  the  purpofe  of  the  manu^^ 
fafturers  of  this  fait,  I  fliall  here  defcribe  fome 
of  the  methods  moft  univerfally  employed  for 
preparing  the  fuper-oxigenated  muriate  of  mer- 
cury, with  which  I  fhall  commence  their  hif- 
tory,  and  I  fliall  follow  the  fame  plan  with 
refpe6l  to  the  fweet  muriate  of  mercury,  of 
which  I  Ihall  fpeak  hereafter^ 

96.  Moft  generally,  equal  parts  of  deficcated 
nitrate  of  mercury,  decrepitated  muris^te  of  foda, 
and  fulphate  of  iron  calcined  to  whitenefs  are 
mixed  together;  this  mixture  is  put  into  a 
matrafs,  two  thirds  of  which  miift  be  left  eqip- 
ty;  and  the  veffel  is  placed  in  a  fand-bath, 
which  is  heated  by  degrees  till^thje  bottom  of 
the  matrafs  becomes  red-hot.  After  the  ap- 
paratus has  completely  cooled,  it  is  broken  to 
pieces,  in  order  to  e^vtmcl  the  fuper*oxigenated 
and  corrofive  muriate  of  piercury,  which  is 
found  fublimed  in  tjie  upper  part  of  the  ma- 
trafs. la  this  operation,  the  fu}phuric  acid 
difengaged  from  the  fulphate  of  irpn  by  the 

aft  ion 
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action  of  the  fire  decompolies  the  tturiate  of 
foda,  whofe  muriatic  acid  feparatcs  the  nitric 
acid  from  the  nitrate  of  mercury  by  taking 
from  it  a  portion  of  its  oxigen ;  being  thus 
furcharged  with  this  principle,  it  unites  with 
the  mercurial  oxide,  with  which  it  forms  the 
(iortolive  itiuriate;  nitrous  gas  is  difengaged; 
there  remains  at  the  bottom  of  the  veffel  a  red ' 
mafs  coloured  by  the  oxide  of  ir6n,  from  which 
Ailphs^te  of  fod&  is  extra&ed  by  means  of  water. 
It  is  alTert^d)  that  in  the  large  manuik£tories 
in  tioltand,  this  produ^  is  obtained  by  ex« 
|)iO(ing  to  a  violent  fire  a  mixture  of  equal 
parts  of  mercury^  muriate  of  foda  and  fulphate 
of  iron*  In  this  proceft,  which  ha3  been  in- 
dicated by  tnany  authors,  it  appears  that  the 
red  oicide  of  iron,  the  refidue  of  the  decom^ 
pofition  of  the  fulphate,  yields  a  fufficient 
quantity  of  oxigen  to  the  muriatic  acid  to  give 
it  the  property  of  transferring  itfelf  to  the 
mercury,  of  combining  with  it,  and  reducing 
it  to  the  ftate  of  fuper-oxigenated  muriate.  It 
is  alfo  poffible  to  obtain  the  fame  fait,  by  treat- 
ing with  fire  mixtures  of  fulphate  of  iron, 
muriate  of  foda,  and  different  oxides  of  mer- 
cury obtained  by  precipitating  its  folutiom 
by  an  alkali. 

07.  Boulduc  has  revived  an  old  procefs  of 
Kunckel,  which  alfo  fucceeds  very  well,  and 
which  is  more  fimple  than  the  preceding  ones : 
it  confifis  in  heating,  in  a  matrafs,  a  mixture 
of  equal  parts  of  deficcated  acid  fulphate  of 

mercurv. 
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mercury,  and  iiecrepitated  muriate  of  foda.     In 
this  cafe^  after  the  fublimation  of  the  fuperoxi-^ 
genated  muriate  of  mercury,  pure  fulphate  of 
foda  remains  alone  at  the  bottom  of  tlie  veiTeL 
This  procefs  is  that  which  of  ^11  others  affords  the 
pureft  fuper-oxigenated  muriate  of  mercury; 
for  that  from  Holland  is  generally  mixed  with 
oxide  of  iron,  or  perhaps  with  muriate  of  iron, 
which  being  decompofed  in  every  fublimation 
to  which  it  is  fubje£ied,  always  leaves  a  fmall 
quantity  of  oxide  of  this  metal  at  the  bottom 
of  the  fubliming  velTels.     What  has  been  faid 
concerning  the  fulphate  of  mercury  in  the  pre* 
ceding  numbers,  eafily  explains  the  produdlion 
of  the  fuper-oxigenated  muriate  of  mercury 
which  takes  place  in  the  procefs  of  KunckeL 
The  ftrong  oxidation  of  the  mercury  fuffices 
here  in  the  fame  manner  as  when  the  muriatic 
acid  is  placed  in  contact  with  an  oxide  of  this 
metal;  it  is  the  cafe  of  tlie  yellow  fulphate 
which,  as  has  been  explained  above,  confiantly 
forms  fuper-oxigenated  muriate    of   mercury 
with  the  muriatic  acid.     Monnet  affures  us, 
that  by  treating  muriate  of  foda,  in  a  fublim- 
ing veffel,  with  the  oxide  of  mercury  precipi- 
tated from  its  nitric  folution  by  means  of  fixed 
alkali,  we  alfo  obtain  corrofive  fublimate.  This 
experiment,  which  appears  contradidloiy  to  tlie 
known  attraftions,    requires   to  be   repeated; 
no   chemift,  fmce  him  who  propofed  it,    has 
hitherto  confirmed  its  {uoce&. 

-  3  99.  Wo 
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98/ We  may  quickly  prepare  {xiptt-o^igtn^t' 
ed  muriate  of  mercury,  by  pouring  oxigeriated 
muriatic  acid  into   a  nitric:  folution  of   this 
metal,  and  evaporating  the  liquor  when  it  con- 
tains the  former  acid  in  fuper-abiindance ;  the 
0cid  of  the  nitre  difengages  itfelf  in  vapour; 
a  part  of  the  oxigenated  muriatic  acid  is' V0"» 
latili^ed ;  and  the  liquid,  after  fufficient  eva» 
poration,^  and  having  been  fuffered  to   cool, 
jdepofits  regular  and  pure  cryftals  of  corrofive 
jairercurial: ;  muriate.      This    procefs,    which  is 
equally  compendious,  and  free  from  danger  of 
Jt^apours,  is  particularly  weH  adapted  for  being 
ufcd  in  pharmaceutical   laboratories;  and   its 
j^rqduft,  being  very  pure,  may  he  efpecially  de-r 
voted  to  medicinal  purppfes :  it  is  not  neceffary 
to  fublime  the  fait  obtained  in  this  manner. 

99'  The  oxigenated  or  fuper-oxigenated  iniu 
riate  of  mercury.  If  we  place  a  particle  of  it 
upon  the  tongue,  it  leaves  for  a  long  time  a 
ycry  ftrong  and  difagreeable  fenfatiou  of  me- 
tallic ftypticity  in  the  month.  This  impreflion, 
propagated  to  the  fauces,  and  larynx  produces 
a  fpafmodic  conftri61;ion  of  thofe  parts,  attended 
Avith  a  ftrangulating  fenfation,  y^WqIi  laft^  feve- 
ral  hours,  and  is  extremely  painful  to  pervous 
perfons.  Its  action  upou:  the  ftom^ch  and  in- 
teftines  is  ftill  much  more  violent^  if  it  re- 
mains for  fome  moments  applied  to  th^ir  coats, 
it  corrodes  them,  penetrates  thvough,  or  in- 
flames them,  and  renders  them  fphacelqus ;  the 
parts  wlxich  it  has  touched  falling  off  in  gan- 
grenous 
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grenous  floughs.  Before  this  terrible  efFcfl 
fupervenes,  it  produces  rending  pains,  naiifea, 
vomiting,  convulfions,  proftration  of  ftrengtb, 
and  all  the  formidable  fymptoms  that  prognof- 
ticate  the  fpeedy  death  which  it  occafions ;  it 
is  one  of  thefe  fubilances  which,  after  having 
violently  excited  the  vital  aftion,  fubfequently 
weakens  'and  flops  them  with  the  greater 
energy,  and  by  its  chemical  and  deleterious 
a6lion  caufes  the  parts  which  it  touches  to 
pafs  rapidly  into  mortification.  The  deftruc- 
tive  effefls  of  a  powerful  cauftic  are  eafily  dif- 
tinguifhable  in  the  traces  which  it  leaves  be- 
hind after  its  ,a6lion.  The  ancient  chemifts, 
attributed  thefe  effeds  to  the  prefence  of  the 
acid.  Nothing  however  can  be  more  erroneous 
than  this  opinion,  and  at  prefent  every  thing 
proves  that  this  adion  is  owing  to  the  ftate  of 
the  oxidation  of  the  mercury.  From  thefe 
fa6ls  we  may  judge  how  dangerous  it  is  to 
prefcribe  the  fuper-oxigenated  muriate  in  the 
folid  form,  as  is  neverthelefs  fo  inconfiderately 
done  by  ignorant  perfons. 

100.  The  form  of  the  fuper-oxigenated  mur 
rtate  of  mercury  is  extremely  various.  By  fub- 
limation  it  affords  a  great  number  of  needles  or 
very  fine  prifms,  lying  clofe  againft  each  other, 
which  appear  to  be  tetrahedral  and  compreffed. 
Authors  have  compared  them  to  the  beards  of 
feathers  and  to  fword-blades.  When  cry ftallized 
by  means  of  water,  it  is  either  in  cubes,  or  in 
oblique   paralellopipedons,    or   in   very   fmall 
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prifms.  Sometimes  it  affords  quadrangular 
prifms,  with  fide*  alternately  narrow  and  broad, 
terminated  by  cuneiform  fummits,  and  prefentr 
ing  two  inclined  planes.  It  is  laid  to  have  been 
alfo  obtained  in  very  regular  hexahedral  priftns. 
In  general  it  prefeuts  ilmrp  points  at  its  extre- 
mities; and  chemiils  have  inade  an  improper 
application  of  this  form,  in  order  to  compare  it 
with  fword  or  dagger-points,  imagining  thereby 
to  explain  its  effefSl*  upon  the  animal  economy, 
which  is  very  far  from  being  the  produftof 
any  mechanical  a6lion,  Philofophers  have  no 
lefs  varied  from  each  other  in  ^preciating  its 
fpecific  gravity.  In  the  Phyifique  of  Code,  we 
find  itedimated  at  GySiS^  wfailft  Mufchenbroeck 
makes  it  amount  to  8,000. 

101.  This  fait  poffefles  a  confiderabie  degree 
of  volatility,  on  which  account  it  has  received 
the  name  of  corrojive  fublimate.  It  is  eafily 
reduced  to  the  ftate  of  vapour  in  the  air,  and 
this  vapour  is  extremely  dangerous  when  re- 
ceived into  the  lungs.  It  is  not  decompofable 
by  the  a6lion  of  caloric,  uor  does  it  yield  oxigen 
gas,  though  forae  modern  authors  have  afferted 
that  it  does.  Were  this  the  cafe,  it  would  be- 
come mild  muriate  of  mercury,  wliereas,  it  is 
well  known,  that  it  does  not  undergo  this 
change  by  the  a6lion  of  fire.  It  is  unalterable 
by  the  air,  in  which,  however,  it  lofes  fo^nething 
of  its  tranfparenee,  and  becomes  white,  opaque, 
and  pulverulent  at  its  furface.  It  is  foluble  in 
about  20  parts  of  cold  water;  hot  water  dif- 

folves 
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(blves  a  little  more  of  it ;  however,  it  cryftallizes 
very  little  by  refrigeration,  and  regular  cryf^ 
tals  are  obtained  only  by  flow  evaporation* 
The  fulpburic  acid  renders  it  much  more  folu* 
ble,  but  it  precipitates  it  by  refrigeration,  in 
an  unaltered  ftate,  which  accords  with  the  de- 
compofition  of  the  fulphate  of  mercury  by  the 
muriatic  acid  and  the  muriates.  The  muriatic 
acid  produces  the  fame  efFeft  upon  the  lliper- 
oxigenated  muriate  of  mercury,  and  adheres  to 
it  fenfibly,  pVoducing  a  variation  in  its  cryf- 
tallizability;  for  it  is  afterwards  obtained  in  no 
other  form  than  that  of  fmall  needles,  or  elfe  it 
can  no  longer  be  made  to  cryftallize :  the  nitric 
acid,  in  diffolving  it,  extricates  vapours  of 
oxigenated  muriatic  acid,  according  to  Berg- 
man, who,  however,  aflures  us,  that  it  may 
afterwards  be  obtained  in  the  cryftalline  form, 
without  having  loft  either  weight  or  its  other 
properties.  ^ 

Ida.  All  the  earthy  and  alkaline  fubftances 
poSfefs  the  powe^  of  decompofing  the  fuper-oxi'? 
genated  muriate  of  mercury,  and  precipitating 
its  folution.  Bergman  obferves,  that  the  fixed 
alkalis  generally  produce  a  red  precipitate  from 
it^  but  that  thil  precipitate  varies  according  to 
the  proportion  of  the  acid,  which  he  believes 
to  be  variable,  and  that  it  approaches  to 
white  wheii  the  quantity  vf  the  acid  is  very 
dbuadant.  It  is  to  be  obferv^d^  on  this  Iteadt 
tliat  ^iv^  netitraiized  fuper^oxigenated  mu^* 
liite   of  wmfcmy^  ffo&i&ng  the  property  of 

turning 
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of  muriatic  acid,  and  0,03  of  ammonia;  there 
remained  in  the  fupernatant  Hquor  the  pure 
muriate  of  ammonia.  The  great  difference  be- 
tween the  precipitation  of  the  fuper-oxigena-* 
ted  muriate  of  mercury,  and  that  of  the  ful- 
phate  and  nitrate  of  the  fame  metal,  confifts 

^  in  the  circumftance  that  there  is  nio  oxide  of 
mercury  reduced,  and  that  the  whole  of  the 
precipitate  conftitutes  a  triple  infoluble  fait 
This  fhows  that  the  ammonia,  without  de- 
compofing  the  fuper-oxigenated  muriate  of 
mercury,  and  without  feparating  oxide  fromit^ 
forms  a  triple  fait  in  which  this  oxide,  more 
abundant  than  in  the  corrofive  fublimate,  is 
faturated  by  the  ammonia,  which  it  at  the 
fame  time  faturates  after  the  manner  of  a& 
acid. 

105.  AH  the  precipitations  of  the  fuper^ 
oxigenated  muriate  of  mercury  by  the  alkaline 
fubftances,  condu3;  us  to  the  knowledge  of  the 
proportions  of  the  principles  of  this  fait,  and 
yet  they  have  not  hitherto  been  accurately 
determined.      According   to    Taehenius,    the 

-  mercury  is  to  the  acid  as  Sf  to  1.  Lmnptf 
gives  this  proportion:  :  5-j  :  1.  Bergman,  who 
feems  to  come  nearefi  to  the  truth,  fays,  in  his 
Humid  Docimaila,  that  100  parts  of  fuper*- 
.t)xigenated  muriate  of  mercury  contaia  24^5 
of  muriatic  acid,  and  75,5  of  mercuiy;  but 
there  is  an  error  in  this  eilimate ;  for  if  this 
fait  contains  0,75  of  running  mercury^  as  Bei;g'- 
man  announces,  it  is  evident  that  we  nuift  hh* 

tra^ 
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traft  from  the  S4,5  of  acid  the  proportion  of 
oxigen,  which  cannot  be  computed  at  left  than 
between  9  and  12  to  the  75,5  of  metal:  100 
patts  of  the  fuper-oxigenated  muriate  of  mer- 
cury, muft  therefore  contain  at  the  highcfl  com- 
putation 15,S  of  muriatic  acid,  or  at  the  lo weft 
12)5,  It  muft  be  left  to  fublequent  experiments 
to  determine  in  how  far  this  eltimate  is  deficient, 
which  as  yet  qan  be  only  an  approximation  to 
the  truth. 

106.  The  fuper-oxigenated  muriate  of  mer- 
cury is  decompofed  by  water  charged  with 
fulphurated  hidrogen  gas,  as  alfo  by  the  hidro- 
genated  fulphurets  and  tlie  alkaline  hidrb«- 
fulphurets.  Thefe  combuftible  mixtures  all 
yield  alike  a  precipitate  of  black  fulphurated 
oxide  of  mercury,  which  paffes  more  or  lefs 
fpeedily  into  the  red  colour,  and  the  fetid  fmell 
of  the  hidrogenated  fulphurets  is  deftroyed. 
By  means  of  this  procefs  we  alfo  form  a  black 
or  red  fulphurated  oxide  in  the  humid  way. 
Phofphorus,  which  eafily  decompofes  the  nitrate 
of  mercury  when  it  is  kept  for  fome  time  im- 
m^rfed  in  its  folution,  does  not  fo  eafily  effeft  the 
decompofition  of  th6  fuper-oxigenated  muriate 
of  mercury,  becaufe  its  particles  poffefs  a  ftronger 
adhefion  than  thofe  of  the  nitrate.  The  phof- 
{ihorated  hidrogen  gas  precipitates  it  in  a  black 
powder.  Carbon  exerts  no  aftion  upon  this 
fait,  neither  in  the  cold  nor  in  heat. 

107.  Amongft  the  falts  which  have  hitherto 
been  examined,  the  ammoniacai  muriate  is  the 
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only  one  with  whofe  efFefts  upon  the  fuper- 
oxigenated  muriate  of  mercury,  we  are  well 
acquainted.  This  combination  has  long  fince 
been  difcovered  and  examined  by  the  alche- 
mifts,  who  termed  it  Sal  Alembroth^  or  Sal 
Sapient  ice,  as  they  placed  great  reliance  upon 
its  properties  for  the  attainment  of  their  grand 
pbje6l,  and  whatever  flattered  them,  in  this 
refpeft,  with  the  chimerical  hope  of  fuccefs,  was 
decbrated  in  their  language  as  well  as  in  their 
notions  with  a  pompous  title.  This  is  perhaps 
the  firft  triple  fait  that  was  difcovered  and 
known.  The  muriate  of  ammonia  renders  the 
fuper-oxigenated  muriate  of  mercury  much 
more  foluble  than  it  naturally  is  ;  for  one  part  of 
the  firft,  diffolved  in  three  of  water,  renders 
almoft  five  of  the  fecond  foluble ,  in  the  fame 
fluid,  though  thefe  five  parts  of  the  latter  would 
require  nearly  100  parts  of  water  for  their  folu^- 
tion,  if  alone.  In  this  experiment,  heat  is 
produced  on  account  of  the  denfity  which  the 
liquid  alfumes,  and  thi^  afterwards  becomes 
folid  on  cooling  :  there  is,  therefore,  reafon  to 
believe,  that  its  liquid  ftate  depends  upon  the 
elevation  of  temperature  which  accompanies  its 
folution. '  The  ammoniaco-mercurial  muriate 
is  equally  formed,  or  rather  it  is  not  decompofed 
by  fublimation,  and  the  two  combined  falts 
of  which  it  is  compofed,  prcferve  their  mutual 
adhefion  and  combination  in  the  volatilization 
to  which  they  are  fubjefted.  When  we  treat 
this  triple  fait,  formed  with  equal  parts  of  the 

two 
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two  falls,  with  an  alkaline  carbonate,  we  obtain 
the  firft  triple  fait  in  a  white  precipitate,  formed 
in  other  proportions,   w^hich  has  been  defcribed 
above  in  the  hiftory  of  the  precipitation  of  the 
fuper-oxigenated  muriate  of  mercury  by  am- 
monia.    In  pharmacy,  the  fait  obtained  by  this 
laft  mentioned  procefs  is  tenned  white  precipi- 
tate of  mercury^  though  this  name  is  alfo  given 
to   the  fweet  muriate  of  mercury  formed   by 
pouring  the  muriatic  acid  into  a  folution  of 
Bitrate  of  mercury  ;  this  laft  precipitate  is  alfo 
termed  cofmetic  mercury^  or  milk  of  mercury. 
In  order  to  diftinguifh   this  fpecies  of  white 
precipitate  or  triple  muriate  of  mercury  and 
ammonia,  from  that  which  is  foluble,  and  which 
was    formerly    termed   Sal  Alembroth,    I  de- 
fignate  the  latter  by  the  name  oi  foluble  am- 
moniaco-mercurial  muriate,  and  the  former  bv 
that  of  infoluhle  mercurio-ammoniacat  muriate. 
108.  The  fuper-oxigenated  muriate  of  mer- 
jCMxy  is  decompofable  in   heat   by  many  me- 
tallic fubftances,   which  have  more  attradlion 
for  oxigen  than  mercury  has.     Thefe  decom- 
pofitions  yield,  fome  of  them  mercury  reduced 
into  the  liquid  form,  others,  metallic  muriates, 
fometimes  fuper-oxigenated,  which  are  all  more 
-or  lefs  volatile,  concreting  in  the  cold,  fufible 
an  a  gentle  heat,  decompofable  by  water:  they 
were  formerly  termed  metallic  butters  ;  they  are 
more  or  lefs  ufeful  in  the  arts  or  in  pharmacy. 
It  is  alfo  remarked,  that  thefe  decompofitions 
^f  the  fuper-oxigenated  muriate  of  mercury  are 
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effe&ed  by  the  fulphurets  or  the  fulphur^ted 
oxides  of  the  fame  metals,  and  inftead  of  bftvipg 
then  running  merc.ury,  we  obtain  red  fulphu- 
rated  Qxide  of  mercury.  It  is  further  to  be 
obferved,  that  the  oxides  of  thefe  metaU  aloue 
do  not  in  general  decompofothe  fuper-oxigena- 
ted  muriate  of  mercury ;  for  this  decompofition 
being  effefted  only  by  the  attradion  of  thefe 
nietak  for  the  oxigen  which  they  take  away 
from  the  mercury,  they  can  no  longer  produce 
this  effeO;  when  they  are  faturated  with  it. 
Thus  the  oxide  of  arfenic,  and  thofe  of  bif- 
muth  and  antimony,  do  not  by  themfelvcs 
decompofe  the  fuper-oxigenated  muriate  of  mer- 
cury, though  their  metals  decompofe  it ;  but 
thefe  oxides,  when  combined  with  fulpbur, 
decompofe  it,  becaufe  the  oxide  of  mercury  is 
attra6led  by  the  fulphur ;  whilft  the  muriatic 
^cid  on  its  part  attracts  each  of  thefe  oxides, 
which  it  converts  into  volatile  muriates. 

109.  This  general  theory  of  the  aft  ion  of 
the  metals,  apd  of  the  metallic  fulphurets  upon 
the  fuper-oxigenated  muriate  of  mercury,  is 
eafily  applicable  to  each  of  the  particular  de- 
compofitions  that  are  efFefted  upon  this  felt  by 
thefe  bodies. 

^.  When  we  diftil,  by  a  gentle  hcat^^  two 
parts  of  fuper-oxigenated  muriate  of  mercury 
with  one  part  of  metallic  arfenic,  previouily 
pulverized,  alid  well  mixed  in  a  glafs  mortar, 
there  paffes  into  the  receiver  a  fubflance  of  the 
confidence  of  oil  and  tranfparent,  part  of  which 
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fixes  itfelf  into  a  fpecies  of  jelly,  which  has 
beeii  termed  corro/voc  oil,  or  bntter  ofarjinic^ 
this  is  the  fubiimed  muriate  of  arfenic ;  the  run- 
ning mercury  pafTes  over  afterwards.  The 
arfenical  muriate  is  decompofed  by  water,  which 
precipitates  arfenious  acid  from  it.  This  acrid 
and  caufiic  fait  fpeedily  deftroys  the  organs  of 
aiiimals^ 

b.  Equal  parts  of  fulphurated  oxide  of  arfenic 
and  fuper-oxigenated  muriate  of  mercury,  yield 
by  diftillation  muriate  of  arfenic,  and  red  ful- 
phurated  oxide  pf  mercury,  which  was  for- 
merly termed  cinnabdr  of  arfenic. 

c.  Two  parts  of  corrofive  muriate  of  mer- 
cury, and  one  part  of  bifmuth,  diftilled  to- 
gether, product  a  thick  liquid,  partly  con- 
gealed into  the  confidence  of  a  very  fufible 
fet,  precipitable  by  water,  diftiiiguifhed  by  the 
natfie  of  butter  &/  bifmuthy  and  which  is  the 
ftibliified  muriate  of  bifmuth.  The  inercury  re- 
mains combined  with  a  portion  of  the  bifmuth 
in'  a  Gfyftallized  amalgama,  or  is  piartly  vola- 
tilized. Poli,  who  had  defcribed  this  experi- 
liient  in  the  year  1713,  in  the  Memoirs  df  thd 
Acad^iiy,  afferts  that  when  this  butttr  af  bis- 
muth is  repeatedly  diftilled,  therft  remains  iii 
l3ie  tetoit  a  Ibining  powder,  of  the  eolout  of 
Hldtfaef  of  pearl,  un<9;uous,  foft  to  the  touch/ 
aid  of  fo  beautiful  an  appearance,  ihkt  he  IbAi 
^fopofcd  it  to  be  ufed  by  painters. 

d.  When  one  part  of  pulverized  antimony  » 
tofituftited  with  two  parts  of  fuper-pxigenated 
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muriate  of  mercury,  heat  is  excited  whicb 
indicates  a  very  violent  aclion  between  the 
two  fubftances,  and  proceeds  merely  from 
the  fixation  of  the  oxigen  of  the  mercury 
in  the  antimony.  This  mixture,  diftilled  in  a 
glafs  retort,  with  a  gentle  heat,  yields  a  thick 
liquid,  of  a  greafy  appearance,  and  flightly 
fuming,  which  fixes  itfelf  in  the  receiver^  and 
in  the  neck  of  the  retort,  to  the  beak  of  which 
it  hangs  like  a  ftalaftite,  in  a  greyiib  white 
mafs, ,  frequently  in  a.  cryftallinc  form,  and 
radiated  at  its  fuj'face.  This  produ6t  weighs 
more  than  the.  antimony  by  one  fourth:  it  was 
formerly  termed  hutter  of  antimony ;  we  now 
call  it  fublimed  muriate  of  antimony.  When 
this  fait  has  pgifled  over,  and  the  operation  is 
ftopped,  the  refidue  is  then  a  fort  of  aLmalgam 
of  antimony ;  a  portion  of  the  latter  metal 
floats  at  the  top  in  the  form  of  a  grey  powder. 
By  continuing  the  application  of  the-heat^  and 
changing  the  receiver,  after  having  obtained 
the  muriate  of  antimony,  we  obtain  running 
mercury.  If  this  operation  be  performed  with  the 
fulphuret  of  antimony,  there  fublimes  after 
the  antimoniated  muriate,  and  by  the  applica- 
tion of  a  ftrong  heat,  a  violet-coloured  ful- 
phutrated.  oxide  of  mercury,  which  does  not 
contain  a  fufficiency,  of  oxigen  to  exhibit 
the  brisht  red  colour,  and  which  was  for* 
merly  termed  fublimed  cinnabar  of  antimoBy. 
This  procefs  does   not ,  fucceed  unlefs    with 
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a  porcelain  retott,  and  a  great  degree  of 
heat.  The  fublimed  muriate  of  antimony,  pre* 
I>ared  by  either  of  thefe  proceffes,  cryftallizes, 
by  flow  refrigeration,  into  very  thick  paralello- 
|)ipedons.  It  is  a  violent  cauftic,  which  cor-* 
rodes  and  burns  the  organs  of  animals,  an^ 
is  employed  externally  \<^ith  great  fuccefs^ 
for  deftroying  different  kinds  of  virus  in- 
troduced into  the  fkin,  and.efpecially  ihe  hi- 
drophobic  virus  introduced  by  the  bite  of  a 
rabid  animal.  The  fublimed  muriate  of  anti- 
mony becomes  coloured  by  expofure  to  the 
light  and  air;  it  melts  and  runs  like  fat  in  a 
gentle  heat;  it  attrafils  the  humidity  of  the 
atmofphere,  and  is  refolved  into  a  thick  olea- 
ginous fluid  ;  it  is  decompofed  and  precipi* 
tated  by  water  which  feparates  from  it  a  very 
.white  oxide  of  antimony,  which  formerly  was 
known  by  the  very  improper  name  o^  mercury 
of  lifcj  and  that  of  powder  of  dlgaroth,  after 
Algarothi  an  Italian  phyfician,  who  firft  re- 
commended and  employed  it  as  an  emetic  and 
purgative  remedy.  The  water,  after  having 
precipitated  it,  retains  a  portion,  diffolved 
in  the  muriatic  acid  which  it  takes  up.  The 
nitric  acid  diflblves  the  fublimed  muriate  of 
antimony,  with  heat,  effervefcence  and  extri* 
cation  of  nitrous  gas ;  it  forms  a  nitro-muri*^ 
ate  of  antimony  at  firft  in  a  red  liquid,  which 
foon  depofits  a  white  powder  or  magma,  when 
this    folution   is   evaporated  to  drynefs,    and 

after- 
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afterwards  its  weight  of  nitric  acid  added, 
and  again  evaporated.  When  this  c^eration 
has  been  thrice  repeated,  and  the  refidue  laftly 
heated  in  a  crucible,  which  is  kept  ignited  for 
the  fpace  of  half  an  hour,  we  obtain  an  oxide 
white  at  the  top,  and  of  a  hght  rofe  colour^ 
at  tl>e  bottom,  which  was  formerly  termed 
bejifoar  mineraly  and  is  analogous  to  the  oxide 
formed  by  nitre.  We  have  feen  that  anti- 
i^iony,  dilfolveil  immediately  in  the  muriatic 
acid,  may  afl'ord,  by  fublimation,  the  fame 
produ6t,  which  is  ft  ill  better  obtained  by 
mean^  of  tl>€  oxigenated  muriatic  acid;  but 
it  has  always^'been  prepared  by  the  decom- 
pbfition  of  the  fuper-oxigenated  muriate  of 
mercury. 

11 0.  One  of  the  moft'  fmgular  properties 
which  the  fuper-oxigenated  muriate  of  mercury 
has  prefented  to  chemifts,  with  refpeft  to  the 
action  which  the  metals  exercife  upon  ;t,  is 
its  union  with  running  mercury,  with  which 
it  forms  the  combination  known  by  the  name 
of  Jiveet  mercury^  or  mild  fublimate  of  mercury. 
The  preparation  of  this  kind  of  fait  was  con- 
ildered  as  an  important  fecret  at  the  beginning 
of  the  17th  century.  CrolUujs  made  a  great 
boaft  of  keeping  this  fecret  concealed.  In 
1508,  Beguin  defcribed  it  with  great  accuracy, 
in  his  Tyrocinhim  Chemicumiy  by  the  name  of 
draco  mitigatus,  on  aecouat  of  the  mildnefi 
which  was  by  that  means  commuiucated  to  the 
CQcrofive  fublimate.  It  became  much  more  gene- 
rally 
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rally  knawn  under  the  name  of  the  Panchy^ 
mugogue  of  Quercetan^  or  of  Duchefne.  Neu- 
man  wvls  the  firfl  who  gave  it  the  appellation 
of  Metcurius  dtdcis.  It  has  been  known ,  at 
different  periods  under  the  denominations  of 
Sweet  fublimate,  Aquila  mitigata,  aquila  aiba, 
manna  metalloruniy  panaceay  calomelas^  accord- 
ing to  the  different  methods  of  preparing  it. 
Citjizen  Baum^,  Bergman,  and  Scheele,  are  the 
authprs  who  have  treated  the  bell  concerning 
this  fait  The  pneumatic  doSrine  has  given  an 
accurate  idea  of  its  -nature,  by  defining  it  as  a 
fimple  muriate  of  mercury,  and  thus  oppofing 
it  to  the  former,  denominated  the  fupet-oxi- 
genated  muriate  of  mercury. 

111.  When  we  triturate  this  laft  fait  with 
running  mercury,  we  loon  perceive  that  tliis 
metal  quickly  dilappears,  that  it  is  extinguiihed 
ill  the  fait,  and  that  it  alTumes  a  blackifh  grey 
colour.  This  operation  was  formerly  performed 
in  a  mortar  of  glafs^  mercury  being  added  till 
it  ceafed  to  be  extinguilhed;  and  it  was  re- 
marked, that  in  this  manner  it  abforbed  it  to  the 
amount  of  three  fourths  of  its  weight  The 
mixture  was  then  put  into  retorts,  matrafles,  or 
fimple  phials,  two  thirds  of  which  wi^re  left 
empty ;  thefe.  were  placed  in  a  fand4>ath9  and 
ili;ongly  heated,  till  the  whole  mafs  wa&fublimed : 
the  vefiela  being  then  fuffered  perfe&ly  to  cool^ 
the  aerid  powder  of  corrplive  fubiimate  whicb 
was  firfl  fublimed,  and  a  blackifh  powder  whic^ 
ibiledthe  Colograf  theprodud,  were fepara^4« 

Some 
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Seme  authors  direfted  the  fublimation  to  be  per-* 
formed  three  fucceffive  times  ;  and  it  was  after 
thefe  three  fublimations  that  it  was  termed 
aquila  alba.  Others  dire6led  it  to  be  triturated 
again  with  a  frefh  quantity  of  mercury  after 
each  fublimation.  Six  of  thefe  fucceffive  ope- 
rations formed  the  calomel  ox  calomelas ;  an  ab- 
furd  denomination,  as  has  been  juftly  remarked 
by  Bergman,  who  fays,  that  it  has,  however, 
been  adopted  in  Sweden  for  the  fweet  mercury 
after  its  firft  fublimation.  According  to  Ma- 
louin,  one  Labrune  carried  thefe  faftidious  ope- 
rations ftill  farther  ;  and  it  was  by  a  feries  of  nine 
fucceffive  fublimations  that  he  dire6led  the  mer- 
curial panacea  to  be  prepared. 

112.  This  procefs  is  fo  tedious,  and  attended 
with  fo  many  inconveniences,  efpecially  the 
danger  of  the  acrid  duft  which  rifes  during  the 
trituration,  notwithftanding  the  precaution  ufed 
by  the  workmen  of  tying  a  napkin  round 
their  faces,  that  chemifts  have  ufed  their 
utmoft  endeavours  to  improve  and  correfl; 
it^  Citizen  Baum6  has  recommended  to 
pour  a  fmall  quantity  of  water  upon  the 
fubftances  that  are  triturated,  to  ufe  a  mortar 
of  porphyry,  and  to  walh  the  fublimied  pro- 
du^  -once  in  hot^ water,  in  order  to  diffolve 
the  portion  of  fuper-oxigenated  or  corrofive 
muriate  which  is  contained  in  it.  Others 
have  propofed  to  emplay  the  grey  oxide  preci- 
pitated from  the  nitrate  of  mercury  by  ammo- 
Bia,  inftead  of  mercury^  in  order  to  diminiih 

the 
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the  duration  and  difficulties  of  the  extinftion- 
Citizen  Bailleau  has  dire6led  us  to  form  a  pafte 
with  the  fuper-oxigenated  muriate  and  water,  and 
to  triturate  it  with  running  mercury,  which  is  ex- 
tinguiflied  in  it  very  eafily,  and  in  thefpace  of 
half  an  hour,  without  throwing  up  the  corrofive 
duft,  afterwards  to  digeft  the  fubftance  with  a 
gentle  heat,  which  whitens  it  and  promotes  th6 
combination,  and  laftly,  to  fublime  the  mixture 
once :  this,  according  to  him,  is  fufficient  for 
obtaining  the  produft  in  a  very  pure  ftate. 

113.  The  theory  of  this  operation  is  ex- 
tremely plain  and  fimple.  The  fuper-oxige- 
liated  muriate  of  mercury  very  eafily  yields  a 
portion  of  its  oxigen  to  the  mercury :  hence 
the  quick  extinftion  of  this  metal,  and  the 
grey  colour  which  the  mixture  affumes,  as  is 
the  cafe  when  mercurv  is  triturated  with  its  red 
oxide  :  the  a6iion  between  the  two  bodies  ceafes 
after  the  extin6lion,  which  is  limited  in  its  du- 
ration as  well  as  in  its  proportions ;  for  as  foon 
as  the  diftribution  of  the  oxigen  between  the 
oxide  of  the  corrofive  muriate  of  mercury  and 
the  I- of  its  weight  of  mercury  has  been  com- 
pleted, a  permanent  equilibrium  it  eftabliflied. 
Ilie  mixture  has  already  lofl:  its  acrimony  and 
fblubility  ;  but  there  is  not  yet  any  very  inti- 
mate combination  between  the  two  portions  of 
oxide  and  that  of  the  acid ;  the  heat  Completes 
the  reciprocal-  union,  which  is  perfeQ;  after  one 
iublimation ;  all  the  fublimations  which  are 
performed  after  this^  and  ftill  more  fo  the  ne^  tri- 
turations 
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turations  with  mercury,  are  ufelefs :  and  the  waib* 
ing  with  hot  water  is  perfedly  fufficient  to  catty 
away  the  fmall  proportion  of  corrofive  muriate 
that  may  ftill  remain  in  it ;  the  addition  of  a'fmall 
quantity  of  muriate  of  ammonia  to  this  lixivium, 
ftill  more  certainly  infures  the  feparation  of  the 
corrofive  fait,  by  the  teiidency  which  it  has  to 
unite  with  it  into  a  triple  fait,  whilft  it  does  not 
exert  the  fame  a6lion  upon  the  fweet  muriate  of 
mercury. 

II 4.  It  is  eafy  to  conceive  why  the  fuper- 
oxigenated  muriate  of  mercury,  united  by  this 
procefs  with  -J-  of  mercury,  lofes  its  corrofive 
property,  fince  we  have  fo  many  proofs  that  the 
oxigen,  being  proportionally  diminifhed  by  its 
diftribution  in  a  larger  quantity  of  mercury  to 
which  it  more  ftrongly  adheres,  muft  -)  greatly 
diminiih  the  tafte  and  acrimony  of  this  com- 
pound. It  is  no  lefs  eafy  to  perceive,  that 
as  the  difference  between  thefe  two  falts  de- 
pends in  a  great  meafure  upon  the  quantity  of 
oxigen  being  lefs  abundant  and  more  ftrongly 
adhering,  as  alfo  upon  the  proportion  of  tlie 
muriatic  acid  being  fmaller  in  the  fecond  than 
in  the  firft  ;  whenever  we  Ihall  combine  muriatic 
acid  with  mercury  but  little  oxidated,  and  it 
forms  in  its  combination  an  infoluble  fait,  we 
Ihall  obtain  fweet  muriate  of  mercury.  Lemery 
has  alfo  remarked,  that  the  orditiary  white 
precipitate^  formed  by  the  mixture  of  a  folutloii 
of  muriate  of  foda  with  a  folution  of  nitrate  of 
n»ercury,  Required  only  to  be  fublimed  iu  ordet 

to 
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to  be  fweet  mercury;  and  Neuman  had  like- 
wife  perceived  a  refemblancc  between  thefe  two 
fubilances.  It  was  upon  thb  identity  that 
Sch^eje  founded  the  procefs  which  he  gave  for 
preparing  the  mild  muriate  of  mercury  in  the 
humid  way.  He  advifes  us  to  diffolve  mercury 
in  its  weight  of  nitric  acid,  with  the  aid  of 
k  gentle  heat,  and  to  make  a  folution  of  a  quan* 
tity  of  muriate  of  foda,  amounting  to  a  little 
more  than  half  the  dofe  of  mercury,  in  thirty- 
two  times  its  weight  of  boiling  water,  to  mix 
the  two  hot  liquors,  to  keep  the  mixture  Conti* 
nually  ftirfing,  to  let  the  precipitate  be  depa« 
fited,  to  decant  the  clear  liquor  that  floats  above 
it,  to  edulcorate  ii  with  hot  water  till  this  pafles 
off  infipid,  to  throw  the  whole  upon  afiltre,  and 
to  dry  it  with  a  gentle  heat.  This  muriate  of 
mercury  is  as  mild  and  as  pure  as  that  which  is 
prepared  by  trituration,  extindion,  and  fuhli- 
mation ;  the  procefs  is  fimple,  eafy,  and  fure  7 
it  has  none  of  the  inconveniences  of  the  other, 
and  it  is  greatly  preferable  to  it. 

115.  The  properties  of  the  mild  muriate  of 
mercury  are  effentially  different  from  thofeof  the 
corrofive  muriate.  It  has  but  very  Kttlc  tafte, 
and  in  the  folid  form  it  ads  only  as  a  gentle 
purgative,  whilft  the  other  is  a  poifon  of  the  moft 
violent  energy*  Its  fpecific  gravity  is  12,353, 
according  to  Mufchenbroeck,  who  hasobfcrved 
that  its  fpecific  gravity  was  diminiihed  in  pro- 
portion as  it  was  fublimed;  it  turns  black  by 
long  expofure  to  the  light ;  it  is  Juminotrs  and 

phof. 
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phofphorefcent-whcn  rubbed  in  the  dark.  It  i^ 
more  difficult  to  be  volatilized  and  fubliined 
than  the  fuper-oxigenated  muriate  of  mercury ; 
accordingly,  this  rifes  before  the  former,  when 
mixed  with  it,  and  is  found  at  the  top  in  the  fub- 
liming  apparatus.  When  flowly  and  cautioufly 
fubiimed,  it  yields  cryftals  in  tetrahedral  prifms, 
terminated  by  pyramids  with  four  fides  ;  fome- 
times  there  are  two  quadrangular  pyramids,  unit- 
ed bafe  to  bafe,  fo  as  to  form  a  very  long  and 
pointed  octahedron.  It  is  fo  little  foluble,  that, 
^iccording  to  the  experiments  of  Rouelle,  made 
in  li754fj  it  requires  1 152  parts  of  boiling  wa- 
ter for  its  folution.  This  folution  turns  the 
fyrup  of  violiets  green,  is  rendered  (lightly  turbid 
by  the  fixed  alkalis,  and  affumes  an  opal  colour, 
without  forming  any  fenfible  precipitate  when 
ammonia  is  added.  It  receives  a  brown  tins:e 
by  th^  contaft  of  lime-water,  ammonia,  and 
the  fixed  alkalis.  It  does  not  combine  with 
the  muriate  of  ammonia,  which  ferves  to  fepa^ 
rate  from  it  the  fuper-oxigenated  muriate  with 
w^hich  this  laft  fait  fo  eafily  combines.  It  can 
neither  abforb  more  mercury  than  it  contains, 
nor  exift  in  a  mean  ftate  of  oxidation  between 
its  own  and  that  of  the  fuper-oxigenated  mer- 
curial muriate ;  a  ftate  which  fome  authors  have 
admitted  gratuitoufly,  and  without  proofs; 
neither  can  it  unite  with  the  latter,  which  is 
eafily  feparated  from  it  by  volatilization;  the 
nitric  a.cid  does  not  c6nvert  it  into  corrofive 
piuriate ; .  this  change  it  undergoes  only  wheii 

treated 
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treated  with  an  equal  weight  of  muiiate  of  foda 
and  twice  its  weight  of  fulphate  of  iron ;  the 
addition  of  oxigenated  muriatic  acid  diffolves 
it  inftantaneoufly,  and  converts  it  into  fuper- 
oxigenated  muriate.  Tlie  proportions  qf  the 
principles  of  the  mild  muriate  of  mercury  are 
not,  as  yet,  well  known.  Lemery  afferted,  that 
its  acid  Avas  to  mercury  as  1  to  6  t» 

116.  In  comparifon  with  what  has  juft  been 
explained,,  concerning  the  aftion  of  the  three 
firft  acids  upon  mercury,  very  little  is  known  of 
that  which  the  other  acids  exert  upon  it.  The 
phofphoric  acid  cannot  a6t  upon  mercury,  but 
it  combines  with  its  oxide.  The  only  good 
way  of  effefting  ^his  combination  is  by  precipi- 
tating nitrate  of  mercury  with  a  folution  of  al- 
kaline phofphate ;  a  white  precipitate  of  infolu- 
ble  mercurial  phofphate  is  immediately  formed : 
the  greater  part  of  the  animal  liquids  yield 
this  fpecies  of  fait  mixed  with  mild  muriate  of 
mercury,  when  nitrate  of  mercury  is  added  to 
then).  The  phofphate  of  mercury  is  phofpho- 
refcent  and  luminous  when  rubbed  in  the  dark; 
when  expofed  to  the  fire,  and  efpecially  with  a 
little  charcoal,  it  yields  phofphorus.  It  has  been 
pretended,  that  corrofive  fublimate  is  decom- 
pofed  in  the  human  body  by  the  phofphates 
whicn  it  contains ;  but  no  chemical  proof  has 
been  given  of  this  affertion. 

1 17.  The  fluoric  acid  exerts  no  aftion  upon 
xnercury,  but  it  combines  with  its  oxide,  and 
%\ie  foli)ble  filiates  mixed  with  the  nitrate  of 

mercurx, 
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mercury,  form  in  it  a  white  precipitate  of  mer- 
curial fluate,  the  properties  of  which  have  not 
yet  been  examined. 

118.  The  boracic  acid  alfo  exerts  no  z€t\on 
upon  mercury  in  a  dire6l  manner;  but  by  mix- 
ing the  folutions  of  foluble  borates  with  the 
nitric  folution  of  mercury,  Ave  obtain  a  yellowiih 
precipitate  of  mercurial  borate,  which  was  firft 
dcfcribed  by  Citizen  Monnet.  By  flowly  eva- 
porating the  fuper-natant  liquor,  a  new  portion 
of  this  fak  is  feparated  in  the  form  of  ihining 
pellicles.  In  order  to  obtain  the  borate  of  mer- 
cury pure,  we  muft  not  employ  the  borax  of 
commerce;  for  tlie  foda,  which  this  contains 
in  cxcefs,  gives  a  portion  of  brick- coloured 
oxide  of  mercury  which  is  much  more  acrid 
than  the  borate  of  mercury ;  we  muft,  there* 
fore,  take  borate  faturated  witli  boracic  acid. 
The  ni«ercurial  borate  acquires  a  greenifli  colour 
by  expofure  to  the  air ;  the  muriate  of  ammo- 
nia renders  it  foluble  and  cryftallizable ;  lime- 
water  precipitates  it  in  a  red  powdier.  It  has 
been  propofed  and  adopted  for  medicinal  uie. 

119.  The  carbonic  acid  exeits  no  a&ion 
upon  mercury,  but  we  may  combine  it  witk  its 
oxide,  by  precipitating  its  folutions  in  the  other 
acids  by  means  of  the  alkaline  carbonates^  Thefe 
carbonates  are  white  or  but  little  coloured; 
they  do  not  acquire  a  deeper  tinge  by  expofurc 
to  the  air,  like  thofe  which  have  been  made  by 
the  pure  or  cauftic  alkalis.  However,  thrf 
affume  a  brown  tinge  in  drying,  and  it  is  on 

account 
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account  of  this  tinge,  which  the  oxide  of  mer- 
cury, formed  by  the  a6lion  of  fire  alone,  fome-* 
times  affumes  as  it  cools  in  the  air,  that  this 
6xJde  is  fuppofed  to  be  charged  at  that  time, 
or  in  the  cafe  of  its  acquiring  the  brown  colour, 
trith  carbonic  acid.  This  compound  is  not 
foluble  in  water  ;  the  preceding  acids  expel  the 
carbonic  acid  from  it  in  the  form  of  gas  \fith 
efFervefcence. 

'  120.  The  combinations  of  the  four  known: 
metallic  acids  with  the  oxide  of  mercury  have 
not  yet  been  accurately  examined ;  it  is  only 
known  that  thefe  acids  in  general  exert  but  very 
little  a6lion  upon  mercury,  fmce  this  metal 
cannot  abforb  oxigen  from  them.  Scheele  has 
indicated  fome  of  the  projierties  of  the  arfeniate^. 
tatigftate,  and  molybdate  of  mercury,  which  ar6 
prepared  by  pouring  into  the  nitric  folution  of 
this  metal  alkaline  or  foluble  falts  forftied  by 
thefe  acids. 

A.  The  arfenic  acid,  treated,  in  a  retort  with 
Mercury,  is  partly  decompofed  by  this  metal  5 
djfenidus  acid,  running  mercury  and  a  fmall 
quantity  of  yellow  oxide  of  mercury  are  fub- 
limed ;  there  remains  in  the  retort  a  yellow  mafs^ 
not  fufed,  infoluble  in  water  and  in  the  ful- 
phuric  and  nitric  acids,  foluble  in  the  muriatic 
acid,  and  yielding  afterwards,  by  the  evapofa* 
tioii  and  fublimation  of  this  folution,  fuper- 
oiigehated  mfuriateof  mercury  and  fufed  arfe-*- 
nrc  acid;  th6  mercury  decompofed  a  part  of 
thife  acid  by  depriving  it  of  a  portion  of  its 
i  .Vol.  V.  K  k   .  oxigen^ 
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oxigcn,  and  leaving  it  that  which  forms  the 
arfenious  acid ;  the  oxide  of  mercury  that  wa» 
formed  united  with  the  other  portion  of  this 
acid  into  an  arfeniate  of  mercury,  which  the 
muriatic  acid  then  decompofed,  and  in  the 
mercury  of  which  it  found  a  fufficient  quantity 
of  oxigen  to  change  it  to  the  ftate  of  corrofive 
muriate. 

B.  The  arfenic  acid  precipitates  the  fulphate 
and  the  nitrate  of  mercury  of  a  white  colour; 
it  decompofes  the  mild  mercurial  muriate,  and 
converts  it  into  corrofive  muriate;  it  produces 
no  efFe6l  upon  the  latter,  nor  upon  the  oxide 
of  mercury. 

C.  The  tungftic  and  molybdic  acids  preci- 
pitate the  nitric  folution  of  mercury  of  a  white 
colour ;  it  appears  that  the  tungftate  and  mo- 
lybdate  of  mercury  are  white  and  infoluble. 

D.  The  chromic  acid,  combined  withtheoxide 
of  mercury  by  the  addition  of  the  folution 
of  an  alkaline  chromate  with  that  of  the  nitrate 
of  mercury,  forms  an  infoluble  precipitate  of 
a  very  lively  and  brilliant  purple  colour,  which 
Citizen  Vauquelin,  who  difcovered  it,  thinks 
might  become  of  great  utility  in  painting.    . 

I.  ABion  upon  the  Alkaline  Bafes  and  (ht  SalH. 

121.  Mercury  is  not  fufceptible  of  alteration 
by  the  alkaline  earths  and  the  alkalis.  In  the 
experiments  of  Weftendorf  and  Wallerius  upon 
this  metal,  pretended  to  be  combined  with  the 

fixed 
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fixed  alkalis  by  fufion  in  crucibles,  it  appears 
that  they  miftook  the  union  of  an  oxide  of 
iron  with  thofe  bafes  for  that  of  the  mer- 
cury, which,  in  reality,  does  not  fuffer  any 
alteration. 

122.  The  cafe  is  not  the  fame  with  the  oxides 
of   mercury ;  befides  the   facl,  that  feveral  of 
them  are  fufceptible   of  combining   with    the 
alkalis  in  general,  and  of  forming  with  them  com- 
pounds in  which  thefe  oxides  feem  to  a6l  the 
part  of  acids,  ammonia  exerts  upon  thofe  burned 
fubflances  a  very  remarkable  adion,  which  has 
already  been  indicated  in  the  account  of  the 
precipitations  of  the  mercurial  falts,  but  which 
ought  again   to  be  confidered  in   this  place. 
We  have  already  feen,  that  ammonia  poured 
upon  the  white,  yellow,  and  red  oxides  of  mer- 
cury, turns  them  black,  produces  an  extrica- 
tion of  azotic  gas  with  noife  and  effervescence, 
and  that  this  is  owing  to  the  reciproca,!  decom- 
pofition  of  thefe  two  fubftances,  which  form 
water  by  the  union  of  the  hidrogen  of  the  am- 
monia with  the  oxigen  of  the  oxide,  whilft  the 
azote,  having  become  free,  is  difengaged  in  the 
form  of  gas :  but  there   is  another  chemical 
eifeft  which  a  circumftance  led  me  to  difcover 
in  this  a6lion.     I  had  reinarked,  that  the  effer- 
vefcence  and  the  extrication  of  azotic  gas  were 
but  little  fenfible,  and  did  not  appear  to  accord 
with  the  proportion  of  reduced  oxides.    I  there- 
fore examined  the  produ6l  of  this  operatioa 
with  greater  attention ;  and  by  evaporating  the 

K  k  8  lixivium 
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lixivium  of  ti  niixtitre  of  red  oxide  of  rfiter- 
cafy  and  of  atnmonia  in  excefs,  which  had  in 
part  efteded  lis  reduftiori,  I  obtained  ai  real 
triple  fait,  an  ammo7iiacO'mer'curiiil  nitrate: 
nitric  acid  is  confequently  formed  by  the  efFea 
of  this  decoinpofition.  The  oxigcn  of  the 
oiide  of  rnercufy  divides  itfelf  between  the  two 
p'HricipTes  of  the  aninfioflia  :  one  portion  forms 
water  with  its  hidrogen,  another  conftittites 
with  its  afzote,  nitric  acid,  which,  uniting  with 
z:  pafi  6f  the  oxide,  and  of  the  ammonfa  that 
KaiJ^e  iiot  been  decompdfed,  gives  rife  to  the 
aiftfnioriiaco-mercurial  nitrate  which  is  obtained. 
This  pheiidmenoh  accords  \inih  that  which  takes 
plice  when  we  caufe  ammonfacal  gas  to  paft 
into  a  fed  hot  tube  containing  oxide  of  mah- 
gstnefe :  it  recurs  alfo  in  the  decompofitions  of 
the  fulphates  of  niercury  by  airinionia,  in  which 
we  alwaj^s  meet  with  a  fmall  quantity  of  ain- 
moniaco-merturial  nitrate,  when  we  examine 
the  produds  of  the  experfinent  with  attention. 
The  property  which  ammonia  poffeffes  of  fpeedily 
i^educing  the  oxides  of  mercury,  fuggefted  to  me 
the  idea  of  employing  It  for  cleaning  and  purify- 
ing, in-fome  degree,  the  furfaces  of  thehidrar- 
gyro-pneumatic  vcflels.  When  the  mercury 
has  been  foiled  and  oxidated  by  the  falinegafes, 
and  efpccially  by  the  bxigenated  muriatic  acid 
gas,  Ireftore  it  to  all  its  natural  luftre  and 
purity  by  pouring  and  moving  ammonia  upon 
it«r  furface,  by  the  aid  of  filtering  paper,  upon 
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which  it  immediately  affumes  its  ufual  brilliancy 
and  colour. 

123.  Mercury  and  its  oxides  exert  no  aftion 
upon  the  earthy  and  alkaline  fulphates,  nitrates, 
phofphates,  nor  upon  any  other  kind  of  Talts, 
if  we  except  the  muriates.  It  has  already  been 
obferved,  that  Citizen  Monnet  had  indicated 
thedecompofition  of  the  muriate  of  foda  by  the 
oxide  of  mercury,  and  the  formation  of  corroiive 
muriate  of  mercury.  Lagaraye,  in  a  kind  of 
empirical  medicinal  preparation,  has  even  fuc- 
ceeded  in  decompofing  the  muriate  of  ammonia 
by  means  of  running  mercury,  as  Macquer 
affured  himfelf  by  a  fcrupulous  examination  of 
the  procefs  for  his  mtrcurial  tinBure.  Lagara)^e 
triturated  one  part  of  running  mercury  with 
four  parts  of  muriate  of  ammonia  in  a  marble 
mortar,  moiftening  the  mixture  with  a  little 
water  till  the  extinftion  was  complete;  he 
afterwards  expofed  the  mixture  for  feveral 
weeks  to  the  air,  agitating  it  from  time  to  time; 
he  triturated  it  a-new,  and  heated  it  then  in  a 
matrafs  with  fomegood  alcohol,  which  he  even 
caufed  to  boil  flightly;  the  alcohol  aflumed  a 
yellow  colour,  and  it  whitened  a  plate  of  cop- 
per.  Macquer  was  convinced  that  this  liquor 
contained  fuper-oxigenated  muriate  of  mer- 
cury in  folution,  that  by  the  operation  of  time, 
the  muriate  of  ammonia  had  been  deeompofed 
by  the ,  mercury  which  had  become  oxidated, 
and  that  a  fpecies  of  ammoniacq-mercurial  mu- 
riate or  Sal  Akmbroth  had  been  formed. 

K.  Ufes. 
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124.  There  are  few  metallic  fubft^nces  that 
exceed  mercury  in  utility.  In  phyfics  it  is 
employed,  in  its  inetallic  form,  in  the  cod- 
ftru6lion  of  meteorological  inftruments,  and  a 
great  number  of  machines;  in  the  arts,  it  is 
employed,  in  the  fame  form,  for  gilding,  iilver- 
ing  of  glafs  mirrors,  and  in  metallurgical  opera- 
tions :  its  folutions  are  ufed  In  dyeing. 

125.  In  chemiftry,  it  is  applied  to  a  great 
variety  of  ufes,  all  equally  important,  Befides 
the  experiments  in  which  it  is  employed  for 
demonftratingthe  principal  truths  of  this  fcience, 
it  has  become  of  indifpenfable  neceflity  for  fur- 
niihing  the  veffels  deftined  to  colle6i,  preferve, 
and  combine  the  elaftic  fluids  of  a  fahne 
nature.  Thefe  apparatufes  are  termed  hidro* 
pneumatic  veffels.  It  is  no  lefs  ufeful  for  lut- 
ing  or  clofing  moveable  tubulatures,  for  pro^ 
ducing  compreftion.  Lav  oifier  had  already  at* 
tempted  to  ufe  it  for  fupplying  the  place  of  the 
.lutes,  by  means  of  which,  the  veffels  are  clofed, 
and  which  fo  frequently  occaiion  inconvenience, 
error,  and  inaccuracy  in  experiments.  It  is  of 
great  utility  to  anatomifts  in  their  moft  delicate 
and  difficult  injedions,  fuch  ag  thofe  of  the 
lymphatic  and  abforbent  fyftems  in  all  animals, 
and  of  the  tracheal  fyftem  of  infefts  and  worms. 

126.  It  is  of  equal  importance  for  medicinal 
purpofes.    Since  its  falutary  effeifts  in  cutaneous 
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difeafes,  and  its  fpecific  operation  in  fyphilitic 
aflfeftions  have   been  known,  it  has  been  ex- 
hibited in  a  great  variety  of  forms  and  prepara- 
tions. As  thefe  properties  were  attributed  to  the 
metal  itfelf,  endeavours  were  made  to  foften  or 
modify  it;  but  fcarcely  any  thinq;  more  was 
done,  than,  on  the  contrary,  to  give  it,  unknoAv- 
ingly,  a  greater  degree  of  aftivity,  by  combining 
Avith  oxigen,  which  is  the  true  caufe  of  its  ef- 
fefts.     In  general,  mercury  ought  to  be  con- 
fidered,  in  its  medicinal  preparation,  as  nothing 
more  than  an  oxiphorous  fubftance,  as  a  fub- 
ftance   which  carries   oxigen  into  the  animal 
economy,  which  readily  imparts  it  to  the  fluids 
and  folios,  and  the  varieties  of  thefe  prepara- 
tions under  the  relation  of  the  quantity  of  this 
principle  which  they  contain.  The  leaft  oxida- 
ted compounds  have  but  little  activity:  fuch 
are  the  black  oxides  of  mercury  which  are  pre- 
pared in  tlie  numerous  procefles  of  extinftion, 
by  the  addition  of  mucilages,  f3Tups,  honey,  jel- 
lies, or  animal  humours,  fuch  as  faliva,  the  fats. 

In  a  fecond  cferfe  are  to  be  ranked  the  mercu- 
rialYalts,  of  Uttle  folubility,  the  oxide  of  which, 
being  either  but  little  oxidated,  or  ih  fome  re- 
fpe6t  confined  by  acids,  does  not  nearly  exert 
all  its  energy  upon  the  animal  fibre  or  humours  : 
fuch  are  the  mild  mercury,  the  carbonate,  the 
borate,  and  the  phofphate  of  mercury. 

In  a  third  clafs  we  are  to  rank  the  oxides 
of  mercury  united  with  fulphur,  either  black, 
or  red,   which  ad  but  flightly,  or  only  when 

in 


in  the  form  of  vapourupon  tlje  animal    eco- 
liomy. 

'  •  I-aftly,  a  fourth  clafs  of  thefe  mercuriai 
remedies  is  formed  of  oxides  the  moft  highly 
charged  with  oxigen,  either  alone  or  com* 
bined  with  the  acids ;  fuch  as  the  differ- 
ent precipitates,  yellow,  white,  red,  and  the 
fuper-oxigenated  fulphate,  nitrate  and  muriate 
of  mercury.  Thefe  ar^  violent  cauilics  ;  they 
Jburn  and  deftroy  the  organs ;  they  are  em^^ 
ployed  externally  as  detergents,  and  internally 
as  powerful  remedies  which  muft  be  admini- 
ftered  with  great,  prudence,  and  which  only 
the  fkilful  pracSitioner  fliould  be  permitted  to 
iBmploy,  with  that  circumfpeftion  which  ought 
to  diftinguifli  the  true  phyficlan. 

127.  What  proves  that  the  action  of  the 
piercurial  preparations  is  owing  to  the  oxigen 
which  they  contain,  to  the  feparation  of  this 
principle,  and  its  being  transferred  to  the 
organs,  and  the  humours  of  animals,  is  that  the 
oxides  of  which  they  confift,  become  black, 
and  are  reduced  in  the  internal  part  of  the 
body,  and  that  running  mercury  is  frequently 
found  in  the  internal  cavities  of  the  bbdy, 
in  the  lymphatic  fyftem,  and  in  the  bones, 
themfelves,  after  a  mercurial  courfe  of  a  longer 
or  ihorter  duratiou. 

123.  What  I  have  here  been  able  only  to 
announce  and  prefent  to  the  reader  in  gene- 
ral terms,  has  been  very  fully  treated  in  the 
treatife  of  my  friend  Dr,  Schwediauer,  ^  work 
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^he  moft  complete,  the  moft  original,  and  the 
moft  philofophical  that  has  yet  been  publiflied 
concerning  the  fyphilitic  afFeftjons.  S.eyeral 
chapters  of  this  excellent  work  exhibit  all  the 
new  fads  which  I  have  prefented  for  feveral  years 
paft,  relative  t/o  th^  properties  of  this^  medicine 
^  an  .oxipherous  remedy ;  data  which  this  able 
phyiician  has  confirmed  by  his  o>v^n  obferva- 
lions.  It  concludes  with  a  methodical  table 
of  thefe  preparations,  intitled  pharmacopoeia 
fyphillitica  :  where  the  reader  will  fee  how  well 
the  author  has  availed  himfelf  of  the  prefent 
ftate  of  chemical  knowledge  in  the  claffi^catiQii 
of  thefe  remedies. 


Article  XV. 


Of  Zinc. 


A.  Literary  Hifiory. 

* 

1.  ACCORDING  to  Bergman,  zinc  was 
not  known  to  the  ancients.  Paracelfus  is  the 
firft  chemift  who  has  treated  of  it,  and  who 
^ave  it  the  name  which  it  hears.  Agricola 
has  fmce  termed  it  contre-feynCj  and  Boyle, 
fpeltrutfi.  Albertus  Magnus,  who  ,dijed  in  the 
year  128Q,  make^  very  diftinfii  mention  of  it; 
he  knew  that  it  was  comhufiiblie,  and  inflam-^ 
iptiable,  ^ii4  $^^  ^  9^\9\ff^  ;7iet^9.     It  ap^ 
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pears  that  zinc  has  for  a  long  period  back 
been  extrafted  from  its  ores  in  the  Eaft  Indies, 
as  was  firft  obferved  by  Jungius  in  the  year 
1647.  It  is  brought  from  thofe  parts  under 
the  name  of  tutenague.  Without  being  par- 
ticularly acquainted  with  it,  and  diftinguifli- 
ing  it  accurately  from  other  metals,  the  Greeks 
feem  alfo  to  have  employed  it,  as  it  is  faid  to 
have  conftituted  a  part  of  the  famous  Corin- 
thian brafs. 

g.  It  is  not  known  by  what  procefs  the 
Chinefe  obtain  this  metal,  which  they  employ 
in'  a  great  number  of  alloys :  it  is  believed, 
that  they  extradl  it  by  diftillation.  Henckel 
afferted,  in  1721,  in  his  Pyritologia,  that  zinc 
might  be  ex  traded  from  calamine.  In  1742, 
Schwab  extra6led  it  by  diftillation.  MargraflF 
occupied  himfelf  with  this  extraftion  in  1746. 

3.  Lemery  confidered  zinc  aa  a  fpecies  of 
bifmuth.  Glauber,  with  the  alchemifts,  con- 
fidered it  as  an  immature  folar  fulphur;  Rom- 
berg took  it  for  a  mixture  of  iron  and  tin ; 
Kunckel,  for  coagulated  mercury;  Schlutter,  for 
tin  rendered  brittle  by  fulphur.  In  fhort,  it 
is  not  more  than  fifty  years  fince  it  has  been 
known  to  be  a  metal,  fui  generis^  pure,  well 
charafterized,  and  different  from  all  other 
metals. 

4.  The  chemifts  whom  I  have  juft  quoted, 
as  well  as  all  thofe  M'hofe  works  have  em- 
braced the  whole  or  entire  fyftem  of  natural 
bodies,  have    fucceffively  examined  zinc  and 
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difco^^ered  its  properties.  Hellot,  Pot^  Ma-* 
louin,  Laflbnne,  Monnet,  Baumc,  Bergman,  arc 
tliofe  who  have  fucceflfively  inftituted  particu** 
lar  inveftigations  refpe^ing  this  interefting  me- 
tal. Gellert  has  treated  of  its  alloys;  Ma* 
louiri  has  campared  it  with  tin  ;  Bergman  has 
given  an  extenfive  and  very  detailed  docimafia 
of  Its  ores.  Citizen  Sage,  firft  afcertained  its 
duftility  ;  Dehne,  and  Citizen  Guy  ton,  have 
particularly  dire6ted  their  attention  to  its  com- 
bination with  fulphur.  Gaubius  has  afcer- 
tained feveral  of  the  properties  of  its  oxide; 
Macquer  has  dwelt  upon  its  economical  ufes ; 
Pelletier  has  accurately  defcribed  its  union  with 
phofphorus. 

5.  Since  the  revolution  and  renovation  of 
chemiftry,  elfefted  by  the  doftrine  of  the 
French,  no  new  refearches  nor  confecutiye 
feries  of  invelligations  have  been  made  refpefl- 
ing  zinc ;  neverthelefs  the  exafl  data  and  bafcs 
of  this  doftrine  have  rendered  our  knowledge 
of  the  chemical  properties  of  this  metal  much 
more  clear  arid  precife;  fo  that  its  hiftory  is 
much  more  eafy  and  more  methodical  than 
it  was  previous  to  this  period,  and  all  the  fad^ 
which  appertain  to  it^  are  linked  together  by 
much  more  intimate  relations,  than  they  had 
been  during  the  reign  of  the  theory  of  phlo- 
o^ifton. 

6.  It  will  however  appear,  from  the  details 
which  will  form  the  fubjeft  o^  this  article, 
that  all  which  relates  to  zinc  is  not  yet  en- 
tirely and   completely  difcovered,  that  many 
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difcoveries  ftill  remain  to  be  expefted,  and  that 
ittnay  ftill  aftord  a  fubje6l  to  able  chemifts  for 
valuable  refearches,  efpecially  with  the  new  in- 
.ftruments  which  we  now  poflefs. 

B.  Phjifical  Propertks, 

7*  Pure  zinc  is  of  a  brilliant  white  colour, 
with  a  blueifli  tinge,  which  is  very  perceptible 
in  its  n>et9.llic  ftate,  prefenting  a  very  diftindly 
lamellated  texture,  the  laminje  of  which,  are, 
however,  not  fo  broad  as  thofe  of  bifmuth 
and  antimony.  When  we  place  it  befide  thefe 
two  metals,  we  perceive  the  marked  difference 
of  its  colour.  Its  denfity  is  fuch,  that  it 
lofes  in  water  about  a  feyenth  part  of  its  weight, 
and  weighs  7,190.  It  is  fufficiently  hard  and 
elaftic  not  to  break  fo  ealily  as  any  of  the  me- 
tals which  have  hitherto  been  treated  of;  ac- 
cordingly, I  ha,ve  placed  it  in  the  tliirddivifion 
of  the  metals  pofleffing  confiderable  di)6lility. 

8.  In  faft,  zinc  is  not  brittle,  like  the  preceding 

metallic  fubftances.     It  requires  a  violent  and 

fudden  ftroke  to  break  the  flat  plates,  or  blocks 

of  it,  fuch  as  we  meet  with  in  commerce;  and 

when  it  is  in  thick  ingots,  we  are  obliged,  in 

order  to  vend  it  in  fragments,  to  cut  it  with 

iron  wedges,  ftruck  into  it  by  means  of  heavy 

hammers.     When  it  is  hammered  ,upon  .a  ft;eel- 

anvil,  it  becomes  flattened  inftead  pf  breaking; 

it  is  reduced  into  thick  plates,  which  do  not  crack 

till  after  they  have  been  veiy  confulerably  flat- 
tened 


tened.  It  may  he  extended,  without  breakings 
into  pretty  thin  plates,  by  paffing  it  through  the 
flatting -mill  with  Jttieven  and  gradual  preffure: 
thefe  plates  are  flexible  and  elaflic,  but  very  far 
from  exhibiting  the  foftnefs  and  pliability  of 
thofe  of  the  foft  metals. 

Q.  Its  tenacity,  however,  is  but  weak.  Filesl 
alft  upon  it  with  diflficulty;  it  adheres  to  the 
interfiices  betweeii  their  teeth,  fo  as  to  clog 
them,  to  ufe  theexpreflion  of  the  artificers.  Ac- 
cordingly, wheii  ^e  wifh  to  procure  it  in  mi- 
nute fragments,  deflined  for  a  great  number  of 
e^petimehts,  \\re  arfc'  obliged  to  dii^ide  it  by 
poiiiiditig,  Or  by  pouring  it  fufed  into  water. 
Hdcquer  obferves,  that  it  bfecomei^  brittle,  and 
that  we  may  pulverize  it  in  a  mortar,  if  we  heat 
it  to  a  decree  fhort  of  that  which  fufes  it. 
The  bcft  procefs  which  we  caii  employ  for  pul- 
vferi^ing  zinc,  confiflts  in  fufmg  it,  and  pbiihding 
it  in  a  heated  ftone  mortar,  fo  as  to  divide  its 
molecules,  to  prevent  their  re-uniting  and  flrik- 
itig  together  whilfl  they  are  cooling,  d,nd  to' 
keep  them  feparate  at  the  moment  when  th^y 
become  fixed.  When  it  has  cooled,  it  isi  pafl^d 
through  a  hair-fieve,  which  by  retaitiing  the 
groffer  particles,  affords  a  powder  of  zinb,,\frhich 
it  finer  than  inoft  of  the  filings  of  metals. 

10.  The  conducing  powfel- of  zinc,  ^ith  fe-^ 
fpe6t  to  caloric,  has  not  beien  detetiriified ;  alt 
that  is  known  is,  thai  it  is  heated  very  qiiickiy, 
aiid  that  it  dilates  readily,  and  to  a  .great 
4egree*     It  fufes  as  fooii  as  it  becomes  red-Kot, 
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ill  which  refpe6l  it  is  ranked  amotigit  tile  tnc- 
tals  of  a  middling  fufibility.  Citizen  Guytoii 
eftimates  this  property  at  29^  degrees  of  Reau- 
mur's fcale.  If  Me  continue  to  heat  it,  after  its 
fufion,  in  clofe  veflels,  it  rifes  into  vapour,  and 
fubliines,  attaching  itfelf  in  a  brilliant,  tnetallic, 
and  lainellated  form  to  the  upper  part  of  the 
velfcls.  If  we  let  it  cool  quietly  after  it  has 
been  fufed,  it  cryftallizes  into  needles,  which  are 
generally  very  fine,  the  form  of  which  has  not 
been  determined.  The  unfortunate  minerar 
logift,  Mongez,  the  elder,  who  was  loft  with  La 
Peyroufe  in  his  voyage  round  the  world,  is  the 
firftwho  caufed  this  metal  to  cryftallize;  he  fufed 
it  for  this  purpofe  in  a  pretty  deep  earthen  vef- 
fel,  perforated  with  feveral  holes  at  the  bottom, 
which  he  flopped  up  \vith  earth  of  bones.  When 
the  zinc  which  he  fufed  in  this  veflel  was  fixed 
at  its  furface,  he  opened  the  holes,  introduced 
a  red-hot  iron,  which  he  ftirred  in  the  mafs  of 
the  metal,  and  thereby  caufed  the  portion,  which 
was  ftill  liquid,  to  run  out,  after  AVhich  he  found 
cryftals,  fhaped  like  Jieedles,  in  the  cavities 
which  it  had  left. 

11.  Zinc  is  a  conduftor  of  ele6lricity  like  all 
the  metals,  and  nothing  particular  has  hitherto 
been  difcovered  in  it  with  refpeft  to  this  pro- 
perty ;  however,  the  powerful  nianner  in  which 
it  affeds  the  fenfibility  of  the  human  body  iil 
Galvanic  experiments,  feems  to  give  it  herein  a 
fort  of  prerogative  or  pre-eminence  over  other 
metallic  fubftances.     If  we  place  a  plate  of 
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Einc^under  the  tongue,  and  cover  the  upper  fur- 
face  of  this  organ  with  another  metal,  and  efpe- 
cially  a  piece  of  gold  or  filver,  and  then  incline 
the  extremity  of  thislaft  fo  as  to  approach  it  to 
the  plate  of  zinc ;  at  the  moment  when  the  two 
metals  come  into  conta6l  with  each  other,  the 
perfon  who  performs  the  experiment,  feels  a 
very  perceptible  pricking  fenfation,  heat,  irri-* 
tation,  and  a  fort  of  acerb  tafte  in  the  tongue, 
almoft  always  accompanied  with  a  momentous 
glare,  or  a  luminous  circle,  which  fuddenly  ap- 
pears before  his  eyes.  No  metal  produces  this 
Angular  effedl  with  fuch  force  as  zinc  is  obferved 
to  do. 

t2.  We  alfo  find  in  this  metal  'a  flight  odour 
and  a  peculiar  tafte  with  which  the  fingers  be- 
come impregnated  when  they  are  kept  for  fome 
time  applied  to  this  metal  or  rubbed  upon  it. 
Though  thefe  two  properties  are  eafily  and  une- 
quivocally recognized  as  being  metallic,  and 
though,  in  this  refpeft,  they  refemble  thofe 
which  are  found  in  feveral  other  metals,  it  can- 
not however  be  doubted  that  they  are  not  the 
fame  in  zinc  as  in  other  metallic  fubftances. 
Zinc  alfo  adheres  ftrongly  to  the  fkin,  and 
tinges  it  black.  This  is  a  metal  which  is  fur- 
rounded  with  one  of  the  mofl  perceptible  me- 
tallic atmofpheres,  and  which  applies  itfelfthe 
•moft  quickly,  and  by  theflighteft  contafi;  to  all 
the  fubftances  upon  which  it  is  rubbed.  Thus^ 
for  example,  we  need  only  draw  a  plate  of  zinc 
over  a  plate  of  iron,  filver,  or  lead,  in  order  to 

give 
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give  thefe  nietals  the  power  of  a6ling'  in  ga!* 
vanic  experilnents,  as  if  they  were  other  metali 
than  what  they  really  are,  namely  of  produc- 
ing, by  communication  with  plates  of  the  fairi* 
kind,  convulfions  in  the  mufclcs  of  frogs ;  which 
iliows  that  their  furface  is  covered  with  a  layer 
of  zinc,  which  performs  the  fundlion  of^a  dif- 
ferent metal. 


C.  Natural  tiiflory. 

* 

l$i  SEVERAL  mineralogifts  have  thougW 
that  zinc  is  one  of  the  moft  abundant  metaU  ifl 
nature,  and  that  it  conftantly  accompanies  the 
ores  of  iron;  but  though  the  ores  of  zinc  areiii 
confiderable  plenty  in  various  countries,  yetthcif 
abundance  is  very  far  from  being  comparable  to 
that  of  the  ores  of  iron  ;  and  befides,  it  is  at 
prefent  well  afcertained  that  the  metallic  fnb-i 
ftance  that  is  fo  often  mixed  with  the  iron  h 
6nly  6xtde  of  manganefe,  which  the  fame  mi- 
ieralogifts  have  lorig  miftaken  for  zinc. 

14.  Citizen  Haiiy,  the  laff,  the  moft  Iearned> 
and  moft  accurate  author  on  Mineralogy,  eflti- 
fneraWs  Only  three  fpccifes  of  ores  of  ziiic,  name- 
ly, its  native  oxide,  its  fulphutet,  and  its  ful- 
phate.  Valmont-Bomare  fays,  he  has  feen  ill 
the  ores  of  GbfJar,  and  hi  thWe  of  the  Diithy  of 
Limbour^,  Hi^hich  are  vefy  fertile  in  thi^  rftetal, 
hattive  zinc  vJ^hich  is  found  in  fmall  pliatbld  fili- 

itrefitj,  of  a  greyifli  colour,  and  eafily  inflai6- 

mable. 
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itiable.  This  obfervation  ha9  not  been  confirm- 
■by  other  naturalifts.  Some  authors  admit  native 
carbonate  of  zinc,  and  fomd  thiiik' there  are 
Teafons  la  doubt  it;s  exiftence,  but  we  fhall  foon 
fee:  that  this  fait  does  really  exift  in  nature. 
Erequently  the  ores  of  zinc  are  mixed  with  or6s 
b£  iead^:  iron,  and  mfanganefe ;  but  we  have  hei*e 
only  to^^ienmnerate  thofe  in  which  rin^  is  the 
TOoft:  abundant  tnrtaL  ♦ 

15.  The   oxide  of  zinc,    or   oxidated   zinc, 
forms  the  calamine  of  the  ancient  mineralogifts. 
Thiisdre  of  fecondary  formation  depofitedin  lay- 
ers, either  in  a  regular  form,  or  in  incruftations. 
and  ftaladites  in  the  interior  of  the  earth,  has  ge^^ 
nerally  prefented  only  verj^  fntall  cryftals,  femi- 
tranfparent,  whitifli,  and  of  an  unctuous  afpedi:, 
eafy  to  be  recognized  ;  their  moll  common  form 
-is  tbat  bfia  re6iangular  lamina,  the  edges  of 
which  are  replaced  by  facets  or  Segments  of 
cuneiform  odtaliedrons,  ckt  an  elongated  qua/- 
drangulai'  pyramid  projefting  out  of  its  gangue. 
•This,  form  is-  alfo  found  in!  the  fulphate  of 
..barttes..:  The  cryftals  of  native  oxide  of  iinc 
prefented  to  Citizen  Hauyithciproperty  of  be- 
coming eleftric  by  the  adidn  of  heat  without 
.  friftioni  like  the  tourmaline.  The  heat  of  a  light- 
ed taper  applied  to  them  for  two  or  three  feconds 
-ificiuftwtienl  to  exhibit  this''  property.     I  fliall 
-Ircre  dbfcrye^  /with  ^he  celebraHed  tnineralogi-ft 
to  whom  we;  owe  this  diicbiveryj  >that  five  mi*- 
-petals  ar€i  alrieady  known  which  poffels  this 
ffoperty;    three    ftpnes,    the  tourmaline,    tlie 
.;  Y0h,  V,  LI  topazj, 
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topaz,  and  the  zeolite;  one  fait,  the  native 
magnefio^calcareoui^  borate,  and  the  foffil  cryf- 
tallized   oxide  of  zinc. 

The  oxide  of  zinc  is  frequently  in  irregular 
mafles,  foliated,  cavernous,  granidated,  hard 
or  friable.  It  is  found  of  different  colours^  and 
efpecially  grey  and  yellowifh,  even  amongft 
the  tranfparent  fpecimens.  It  exifts  in  abun- 
dance near  Limberg,  Namur,  Friburg,  and  in 
the  counties  of  Nottinghanij;  and  Somerfet. 
Bergman  has  alfo  found  it  to  contain  filex, 
alumine,  and  oxide  of  iron  in  diiFerent  pro- 
portions.    Tlic  zinc  varies  in  it  from  0,04  to 

According  to  Citizen  Haiiy,:  the  tnod^ni  mi- 
neralogifts,  in  diftinguiihing  calamines  contain- 
ing carbonic  acid,  or  native  carbonates  of  zinc, 
have  been,  guilty  of  erroi-s,  and  even  of  contra- 
difclions,  foa*  fome  arrange  them  improperly  a- 
mongft  the  oxides  ;  others,  on  the  contrary,  clafe 
amongft  them  Oxides  in  which  an  exad;  analyfis 
has  not  found  this  acid.  Such  is  thematite 
oxide  of  zinc  of  Brifgau,  ekamined  by  \Pelle- 
tier,i  which  Deborli  ranges  in  the  fpecies  of  caf- 
bouate  of  zinc;  ;:By  treating  fiugniehts  of  this 
fame.oicide,  /ivhich  had  been  procured 'fiom  dif- 
ferent places,  with  nitrio  acidy  Cit;izeii  ^Haiiy 
ihas  obfervjBd  no  effiDrvefcenCe  ;■  h^'-^hs^'k^ 
ierved  that  the  earthy  po^vders-ti^hloh  -fie- 
<}.uently  envelop  .theittj  difl[olve  •  iti''it-"wikh  'ato 
extrication  of  bubbles,  and  he'4s  th#nce'led  to 

believe,  that  the  effervefcenco^is^owing  t^tlJc 
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carbonate  of  lime  mixed  amongft  the  nitiye 
oxide  of  zinc.  I  Ihall  fliortly  prove  that  thete 
really  exiils  a  native  carbonate  of  zinc. 

16.  The  fulphuret  of  zinc,    or  fulphur^ted 
zinc,  has  been  termed  Blende,  or  Falfe  Galena, 
by  the  mineralogifts.     It  is  frequently  difpofed 
in  fcales,  fometimes  cryftallized  in  tetrahedrons, 
in  oftahedrons,  in  dodecahedrons.    Its  colour  is 
fomietimes  yellow,  like  honey,  frequently  me- 
tallic, and  analogous  to  that  of  lead,  or  brown, 
deep  violet,  and  even  black,  often  reddifli.     It 
is  frequently  found  mixed  with  the  fulphuret 
of  lead  er  galena,  with  which  it  feems  to  form 
a  kind  of  metallic  brechia.     Before  the  nature 
of  the  metal  contained  in  this  ore  was  known,  it 
was  termed  Sterile  Nigruniy  becaufe,  with  the 
appearance  of  an  ore  of  lead,  none  could  be 
extrafted  from  it  by  the  metallurgical  procrf- 
fcs ;  the  zinc,  which  was  not  at  that  time  fuf- 
peded  to  exift  in  it,  exhaling  in  the  form  o{ 
vapour.     Many  of  the  fulphurets  of  zinc  are 
more  or  lefs  phofphorcfcent  \<rhcn  rubbed  in  the 
dark ;  fome  are  even  fo  ftrongly  fo,  that,  by 
merely  rubbing  them  with  a  tooth-pick,  we 
cauie  torrents  of  light  to  be  emitted  ;  they  c*^ 
hale  an  hidro-fulphureous  fmell,  and  yield  ial-' 
phurated  hidrogen  gas  when  treated  with  the 
adds.    Their  nature  is  not  well  known ;  it  i$ 
not  afcertained  whether  the  zinc  exiils  in  them 
in  the  metallic  ftate,  or  in  that  of  oxide ;  whe* 
ther  it  be  united  with  the  fulphur  alone,  or  whe« 
llier  tWe  are  one  or  more  other  bodies  which 
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ferve as  intermediums.    Some  chemifts have  fup- 

pofed  iron,  and  others  lime,   to  cxift  in  them. 

The  following  are  the  principal  varieties  that 
•havfe'  been   diftinguiihed,  of  the  fulphuret  of 

zibrc. 

a.    Dodecahedral  fulphuret    of   zinc,    with 

planes  in  the  fonn  of  rhombufes :  a  form  which 

is  obtained  from   the  mafles  of   fulphuret  of 

zinc  by  neat  fe6lions-    It  has  always  additional 

facets. 

■   b.  Sulphuret  of  zinc,  with  twelve  trapezoids 

and  twelve  triangles. 

'  r.  Sulphuret  of  zinc  in  a  regular  o6lahedron. 
d.  Sulphuret  of  zinc  in  a  regular  tetrahedron. 
6.  Sulphuret  of  zinc  ;  numerous  varieties  of 

colour. ' 

'  f.  Sulphuret  of  zinc  phofphorefcent  and  non- 
phofphorefcent. 

^.'Sulphuret  of  zinc  in  decompofition,  laminse 

fepamted,  its  luftre  deftroyed,  pafling  into  the 
•ftate  of  oxide. 

•  17»  The  fulphate  of  zinc  is  found  in  a  native 
'ftate,  and  is  very  eafy  to  be  diftinguiihed  by 
•its  whitenefs  and  tranfparency,  its  acrid  and 
'ftrong  tafte,  its  folubility  in  water,  its  aqueous 

fufion.  It  is  rarely  found  in  the  earth  in  rhom,- 
hoidal  cryftals,  but  moft  frequently  in  ftalafiit^ 
or  in  fine  needles,  and  filky  filariients,  refem- 
•bling  thofe  of  the  amianthus ;..  in  the  tatter 
-ftate  it  has  often  been  confounded  with  .the 
plume-alum.  It  is  found  in  Italy;  and  in 
the  mines  of  tlie . Hartz.    •  :,  ^  v.  .  .,  , 
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18.  Hie  native  carbonate  of  zinc,  which  is- 
iifually  confounded  with  the  oxide  of  zinc  ox 
calamine,    is   tranfparent,    white  or   yellowifli 
like  that  fubftance  ;  it  is  frequently  found  in  the^ 
fame  places.     Citizen  Vauquelin  has  examined 
a  very  pure  fpecimen  of  it  in  the  mineralogical. 
coUeftion     of  Citizen   Macquart      This   fait,, 
which  is  infipid  and  infoluble  in  water,  difTolves. 
entirely,  and  with  a  lively  effervefcence  in  the. 
nitric  and  muriatic  acids.  .     . 

D.  j^Jfay  and  Metallurgy. 

19.  The  docimaftic  affay  of  the  ores  of  zinc, 
that  at  leaft  which  was  confidered  as  applica- 
ble to  the  metallurgic  knowledge  of  its  nature 
was  very  fimple  and  very  inaccurate.  It  con- 
fided in  pulverizing  the  oxides  of  this  metal, 
or  its  calamines,  mixing  them  with  charcoal, 

Ns^nd  heating  this  mixture  in  a  crucible  which 
was  covered  with  a  plate  of  copper.  The  oxide 
was  reduced  into  zinc,  which  was  volatilized 
by  the  heat  and  united  with  the  copper,  and 
converted  it  into  brafs  or  yellow  copper.  The 
richnefs  of  the  ore  was  judged  of,  according  to 
the  force  or  intenfity  of  the  white  colour;  but 
it  is  evident,  that  this  rude  allay  could  only 
fervc,  on  the  one  hand  to  afccrtain  the  exiftence 
of  an  ore  of  zinc,  and  on  the  other  to .  prove 
tiiat  this  ore  was  capable  of  converting  copper 
into  brafs.  The  fulphurets  of  zinc  were  roafted 
iji  order  to  feparate  the  fulphur  from  them,  and 

the 
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the  reiidue  of  this  roafting  was  treated  in  tljc 
fame  manner  as  the  calamines. 

20.  Citizen  Monnet  was  the  firft  who  pro- 
pofcd  to  make  the  affay  of  thefe  ores  by  means 
of  the  nitric  acid,    the  aftion  of  which,  he 
thought,  ought  to  diffolve  the  metal  and  feparate 
the  fulphur  from   it,  and  afterwards  to  reduce 
the  oxide  of  zinc  feparated  from  the  acid   by 
diftillation.     Bergman,   however,    has   greatly 
extended  and  improved  the  proceffes  of  this 
analyfis  by  the  humid  way*     He  employed  ful- 
phur ic  acid  in   order  to  analyze  the  oxides  of 
zinc ;  he  precipitated  thefe  oxides  by  means  of 
the  carbonate  of  foda;  and  he  found  that  193 
parts  of  this  precipitate  reprefented  100  parts  of 
metal.    As  he  employed  zinc  in  order  to  feparate 
the  folution  of  iron,  which  is  often  mixed  with 
thefe  ores,  he  fubtrafted  from  the  weight  of  the 
precipitate  the  quantity  of  metal  employed  in 
this  operation.  As  the  greater  part  of  the  native 
oxides  of  zinc  contain  more  fubftanqes  than 
iron  and  zinc,  and  efpecially  alumine,  filex,  car^ 
'  bonate  of  lime,  with  the  oxides  of  iron  and  lead ; 
the  following   is    the   method    which  he  has 
defcribed  in  order  to   proceed  with   accuracy 
in  the  analyfis  of  thefe  complicated  ores.     The 
pulverized  oxides  are  treated  three  fucceffive 
times  with   two   parts  of  nitric  acid ;  heat  is 
afterwards  applied  till  the  whole  is  reduced  to 
drynefs :    by  this  means  the    iron  is  highly 
oxidated,  and  becomes  infolublejn  the  acids. 
He  diffolves  the  foluble  part  by  means  of  a 

fourth 


ZINTC.  519 

f<9ttrtb  dofe  of  nitric  acid:  the  oxide  of  iron, 
the  iilex  and  the  alumine  remain  together  with- 
out being  taken  up.  The  acid  holds  in  foUition 
lime  and  the  oxidesof  zinc  arid  lead»  The  laft  ox- 
ide  is  precipitated  by  the  muriatic  acid ;  the  lime 
is  feparated  by  the  fulphuric  ;  the  oxide  of  zinc 
is  precipitated  by  the  pruffiate  of  pot-afli :  and 
tbie  fifth  part  of  the  weight  of  the  laft  precipv- 
tate!  indicates  the  proportion  of  the  zinc.  He 
haii,  alfo  employed  fulphuric  acid  heated  to  dry* 
neft,  lixiviated  therefidue  with  water,  and  pre* 
cipita^ed  this  lixivium  by  means  of  ammonia, 
in  order  to  feparate  the  oxide  of  iron  and  the 
alumine  from  the  oxide  of  zinc,  which  is  very 
foluble  in  this  alkali. 

21.  As  to  tlie  fulphurets  of  zinc,  Bergman, 
who  has.  alfo  examined.tbem  much  in  detail, 
defcribes,  in  his  Diiiertation  on  the  ores  of  this 
metal,  the  method  which  he  has  followed  in 
order  to  efFefl;  their  analyfis.  He  firft/eparated 
from  them,  by  diftillation,  the  M^ater,  the  arfe- 
nic,  and  a  portion  of  fulphur;  he  afterwards 
treated  them  with  different  acids,  according  to 
theirdegrees  of  folubility  inthefe  fubfiances,  and 
precipitated  them  by  means  of  the  different  re- 
agents known  in  the  art,  of  which  I  have  already 
had  frequent  occafion  to  fpeak.  He  found 
fuch  great  differences  between  the  various  ful- 
phurets of  zinc  from  different  countries,  that 
the  ores  feem  to  poffefs  no  general  or  identical 
properties  and  compofition.  There  is,  how- 
i?ver,  reafon  to  believe,  that  theft  operations 
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are  as  yet  far  from  having  been  brought  to  ptt^ 
feftion,  and  diat  it  ib  neceffary  that  able  cW 
niifts  fhould  ftill  employ  thenifelves  iipon  thcflii 
Important  difcoVeries  ftill  remain  to  be  made,  as 
•well  upon- the  fulphtirets  of  native  zinc,  as  upon 
the  diifei-ent  ores  of  this  metal.  Thu8>  by  i^ 
ducing' a  >pi|lverized  calamine  in  clofe  v^fltH 
ilJitizen  V'lmquelm  obtained  hidrogen  ;gas  hoW- 
ing  zinc  in  folution,  and  proved;  as  I  had>  long 
fufpe6led,  "efpeciatly  with*  regard  to  •arfeik^ 
tin,  and  iron,  that  various  metals  are  folublein 
that  inflammable  gas^ -like  carbon,  phofphodis 
and  fulphur.      •         <  j       ;o:! 

22.  The  'ores  of  iinc  are  rarely  worked  bv 
themfelves,  or  with  the  foie  intention  of  ^ex* 
traftins:  thismetiL  ^  Jit  will  be  remembered  that 

CD 

I  remarkJed]  above,'  that  their  particular  treat- 
ment, and  the  extraction  -of  zinc  was  not 
•fpoken  of- till  towards  the  commencetnent  of 
theeighteenth.centur3\  Itismoft  frequently  by 
fufion  of  the  ores  of  lead  mixed  with  fulphuret 
of  zinc,  that  the  latter  metal  is  obtained  in  two 
fornw *;  in thatof  oxide  of  z'mcy  proceeding  froiA 
the  zinc  which  has  beenifublimed  and  burned 
xluring  its  fublimation,  which  attaches  itfelf  to 
the  chimnies  of  the  furnaces;  where  it  forms 
incruftations  of  a  grey  colour,  granulated,  as 
it  were  earthy,  which  are  known  in  metallurgy 
arid  in  commerce  by  the  names  of  l^utty,  or 
Gddmia  of  the  furnaces ; — and  in  that  of  metal 
which i^  obtalihedby  moiftening  with  cold  water 
the -anterior*  part    of   thq  furnace,    which  is 

thinner 
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thinner  at  this  place,  and  which  is  termed 
'tihemife  in  metallurgical  language.  The  zinc, 
l>eing  reduced  to  vapour  by  the  aftion  'of  the 
fire,  condenfes  itfelf  at  this  place,  and  falls 
back  in  the  form  of  fmall  grains  into  the  pul- 
verized charcoal,  which  is  ftrewed  uponaftone 
placed  at  the  bottom  of  the  chemife,  and 
termed,  on  account  of  its  ufe,  the  zinc-plate 
(Pu/jiette  du  zinc).  The  charcoal  prefervei 
jthc  metal  from  being  oxidatied  ;  it  is  afterwards 
fufed  a  fecond  time  in  a  crucible ;  it  is  then  caft 
into  ingots  rounded  on  one  of  their  fides,  or 
pxXo  plates  feveral  centimetres  in  thicknefs,  and 
feVeral  decimjetre?.in  length  or  breadth.  This 
procefs  is  chiefly  pradifed  at  Rammelfberg,  from 
whence  the  commerce  of  France  is  particularly 
fupplied  with  this  metal. 

23.  The  art  of  extrading  zinc  in  the  large 
way  is  capable  of  receiving  a  great:  degree 
of  perfection,  and  will  gain  much  by  being 
more  ftudied  than  has  hitherto  been  done.  We 
are  utterly  ignorant  of  the  proceffes  employed 
by  the  nations  of  the  Eaft,  and  particularly  the 
Chinefe,  who  make  much  greater  ufe  of  thi? 
onetal  in  their  alloys,  than  moft  of  the  Eurbpeau 
nations*  A  great  number  of  the  Chinefe  wares 
.aye  wrapped  or  inclofed  in  leaves  or  veflels  of 
a  foil  alloy, :  poffeffing  a  greater  or  lefe.  degree 
x>f  ri^fiftance,  grey,  g,.  httle  oxidated  at  .its 
jouter  furface,  frequently  carved  or  moulded  in 
different  ways,  and  in  which  zinc  is  one  of  the 
mofl;  abundant  principles.     It  is  brought  to  us 
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from  this  nation,  amongft  whom  induftry  hsA 
fo  highly  flouriflied  during:  a  great  number  "bf 
ages,  under  the  name  of  Tutenague, — a  muelk 
purer  fpecies  of  zinc  than  that  of  Rammelfberg, 
which  always  contains  lead.  In  1775,-1^111 
Engeftroem  made  the  analyfis  of  a  brittle  cala*- 
mine  of  China,  which  Mr,  Kifwan  term^Tufe*' 
naguCj  in  his  mineralogy,  and  which  contains 
from  0,60  to  0,90  of  zinc.  It  is  fron%  a  iimilaV 
ore  that  the  Chinefe  extraft  their  zioiCj^  thoagk 
we  are  not  acquainted  with  the  procefs  which 
they  employ  for  that  purpofe.  Some  minera- 
logifts  affert,  that  zinc  isextra6bediH£hglattd, 
from  its  native  oxide  by  diftiilation  or  fubli* 
mation ;  though  neither  the  means  n6r  the 
apparatus  ufed  in  tliis  important  operation  are 
hitherto  known.  ;: 

E.  Oxidahilitt/  of  Zinc  hy  the  Jir. 

24.  Zinc  fufFers  only  a  very  flow,  and  a  very 
flight  alteration  by  the  aftion  of  cold  air ;  its 
luftre  is  a  little  tarniflied,  and  in  the  courfe  of 
lime  it  becomes  covered  with  an  extremely 
thin  layer  of  grey  oxide ;  that  alfo  which  is  feen 
upon  the  blocks  and  the  ingots  of  commerce 
is  not  produced  except  when  this  metal,  be-* 
ing  poured  out  into  open  veflels,  has  been 
very  hot,  and  expofed  for  fome  time  to  the  at- 
anofpherical  air,  whence  it  has  taken  a  fmall 
quantity  of  oxigen  which  has  oxidated  its  fur-* 
face.     Wlien  zinc,  fufed  i»  clofe  velfels,  is  ex*- 
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pofed  to  hot  air,  at  the  moment  when  it  be- 
gins to  become  fixed,  it  affumes  blue,  yellow, 
and  brilliant  rofy  tinges,   which  refemble  thofe 
of  the  rainbow.     This  is  a  commencement  of 
oxidation. 

25.  When  zinc  is  fufed  in  conta6l  with  the 
air,  the  temperature  not  being  raifed  higher 
than  is  requifite  to  melt  it,  or  at  leaft,  not  much 
higher,  its  furface  acquires  rainbow  colours, 
becomes  wrinkled,  lofes  its  brilliancy,  and 
foon  affume$  a  dirty  grey  colour.  When  we 
take  away  this  portion  which  forms  a  pellicl^ 
a  fecond  is  formed  fimilar  to  the  firft,  which 
being  feparated  in  its  turn,  is  replaced  by  a 
third ;  and  the  whole  zinc  is  fufceptible  of 
being  changed  in  this  manner  to  the  laft  layer. 
This  grey  oxide  is  fonned  much  more  quickly, 
when  we  agitate  the  fufed  metal  confiderably 
and  caufe  it  to  touch  the  air  in  many  of  its 
points.  By  heating  the  grey  clots  which  arc 
thus  obtained  in  conta6);  with  the  air,  they 
gradually  divide  themfelves,  and  become  an 
uniform  grey  powder,  which  at  laft  alfumes  a 
dirty  ycllowifh  colour.  The  oxidation  of  the 
zinc  cannot  then  be  carried  farther  by  this 
procefs.  The  yellow  oxide  that  has  been 
formed  in  this  manner  weighs  about  feventeen 
parts  more  than  the  zinc  in  the  hundred  parts 
of  the  latter.  It  is  eafily  reduced  into  zinc  by 
the  a£iion  of  ignited  charcoal;  when  a  very 
ftrong  heat  is  applied,  it  is  fufed  into  a  yellow 
glafs* 

^6.  When. 
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.  26  When  zinc  is  ftrorigly  heated  in  a  ctaci- 
ble,  fo  as  to  ..render  it  of  a  bright  red;  and 
when  after  having  opened  this  veflTel,  we  agi- 
tate the  zinc  thus  ignited  to  rednefs  and 
ahnoft  raifed  to  the  point  of  volatilization,  it 
fuddenly  kindles  and  emits  a  flame  of  a  white 
colour  with  a  flight  greenifli  tinge,  which  is 
extiemely  brilliant,  and  by  ftrongly  illuminat- 
ing all  the  farrounding  objedis,  prefents  a  very 
beautiful  fpeftacle.  Amongfl:  all  the  metals 
this-  burns  with  the  moil  fenfible  flame,  and  at 
the  loweft  temperature.  As  this  rapid  combuf- 
tion,  this  deflagration,  which  has  been  com- 
pared with.juflice  to  that  of  phofphorus,  on 
account  of  its  luftre,  its  vivacity,  its  colour, 
as  well  as  the  ftrong  heat  which  accompanies 
it,  takes  place  at  the  moment  when  the  zinc 
in  converted  into  vapour,  and  partly  in  the 
vapour  itfelf,  the  oxide  of  zinc  which  is  fud- 
denly formed,  and  which  produces  in  the  air 
a  white,  odorous  and  acrid  fmoke,  the  fenfa- 
tion  of  which  particularly  afFefts  the  fauces, 
is  conde.nfed  in  the  atmofphere  in  flakes,  and 
in  a  kind  of  filaments  of  a  beautiful  white 
colpur,  very  light,  and  of  a  very  delicate  tex- 
ture, much  refembling  thofe  light  filaments 
produced  by  an  infeft  which  is  wafted  along 
with  the  wind  in  the  fpring  and  autumn.  This 
oxide  formed  in  the  air  has  been  termed 
-flowers  of  zinCy  pompholix\  nihil  alburn^  philo- 
fophical  wool  or  cotton. 

27,  The 
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27.  The   fublimed  oxide    of   zinc,    oxidum 
zinci  fublimatum,  is  entirely  faturated  with  oxi- 
gen ;  it  contains  much  more  of  it  than   the 
grey  and  yellow  oxide  of  which  I  have  fppkeii 
No.  24,    fince   it   is   the  produ6l  of   a  much 
ftronger  combuftion,  and  it  ftands  in  the  fame 
relation  to   thisfirft  oxide  as  the  phofphoric 
to' the  jphofphoreous  acid.     Some  modern  che- 
mifts  think  it  contains   more    than  half   the- 
weight   of  the  zinc    in  oxigcn,    and  Citizen 
Ouyton  makes  the  proportion  of  this  principle 
amount  to  0,61.     It  is  not  volatile  by  itfelf. 
It  emits  for  fome  time  after  it  has  been  pre- 
pared,   a    phofphoric   light.     It    is     irreduci- 
ble, and  the  a6lion  of  the  ftrongeft  fire  does 
Bot   caufe  it   to  give  out  any  of  its  oxigen, 
but  fufes  it  into  a  glafs  of  a  very  pure  yellow 
colour.     The  oxigen  exifts  in  it  in  a  ftate  of 
great  condenfation  and  fixity.     Even  with  the 
addition  of  carbon,  it  is  not  reduced  but  with 
difficulty,  and  a  very  high  temperature;  and 
this  operation  fucceeds   only  in  clofe   veffels. 
It  fublimes  during  its  reduftion.     The  hidro* 
gen  contained  in  the  charcoal,  and  difengaged 
by  the  a6tion  of  the  fire  during  this  redudion, 
•carries  away  with  it  a  portion  of  zinc  which 
renders  it  ponderous,  with  the  property  of  burn- 
ing with  a  brilliant  flame  and  a  depofition  of 
oxide.     Iri  general  this  oxide  of  zinc  retain^ 
the  oxigen.  which   is   combined  with  it  with 
4riuch   obfHtiacy,    and  no  metal   tan   take  it 
^way  from  it.      It  would  be  very   ufeful   to 
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examine  it  by  all  the  means  ^hich  the  fcience 
in  its  prefent  ftate  affords;  for  it  promifes  'uor 
portant  difcoveries. 


F.  Union  with  tJie  Combiiflible  Subjlanc€$. 

*  28.  No  combination  is  known  between  azote 
and  zinc,  nor  between  this  metal  and  hidro- 
gen ;  the  latter  fubftance  diffolves  metallic 
zinc  and  raifes  it  in  the  form  of  gas  under 
certain  circumftances ;  but  this  gas  reduces 
the  oxide  of  zinc  at  a  high  temperature.  Nei- 
ther is  there  any  known  combination  of  carbon 
and  zinc  ;  though  a  fmall  quantity  of  carbon 
is  frequently  extracted  from  this  metal;  but  as 
the  carbon  which  is  feparated  from  it  is  com- 
bined with  iron,  it  is  thought  that  this  lail  me- 
tal has  in  fome  manner  introduced  it  into  the 
firft.     We  ihall  foon  return  to  this  fa6L 

29.  Phofphorus  combines  very  well  with 
zinc  with  the  aid  of  heat  Margraff  had  only 
feen  the  union  of  its  oxide  with  this  com- 
buftible  body,  and  obtained  it  in  a  fublimate 
of  an  orange-red  colour.  Pelletier,  tirho  has 
made  many  experiments  upon  this  combin^ition, 
has  obferved  the  fame  compofition  in  red  fub- 
limate ;  but  he  has  carefully  diftinguilfhed  from 
it  the  phofphuret  of  zinc,  which  he  has  mad^ 
either  by  heating  zinc  with  phofphorus  in  a 
crucible,  or  by  diftilling  thefe  two  fubfUmccs 

ia 
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in  a  retx)Tt,  or  by » dtcbmpofing  vitreous  phoff 
phoric  aiid  by  ctearcoal  aiid  addiilg  zitic  fiUtig?j 
td  ^this  mtxtut^. .  Tlid  procefs  which  be  l^os 
found  raoft  uccefefiiicbAfifts  in  throwing  phoft- 
J>hoifil^  Vip6h  jz^ihe  Heated  to  reduefs  in  a  cru- 
cible. In  this  manner  he  has  obtained  a  phof* 
phuret  of  zinc-df  d^  fltetallic  appeawtnce,  lefs 
whitie  tHaii  the  "ziiic,'  ai>d  ^vcn  of  a  leaden,  grey 
cblotfr/ lurhich  e:xtended  itfelf  a  little  under,  the 
hamper,  difFufed  a  phofphoric  adonr  omthe 
iappTfiCatidn  of  fire,  and  left  a  fpongy  refi- 
due.  He  obferves,  that  by  heating  zine  and 
phbfphoriia  in  a  retort,  ■  part  of  the  metal 
is  always  oxidated,  aild  that  on  this  accoiint 
^e  obtain  A  red  Tublimate  which  has  alneady 
befen  mentioned ;  he  afcribes  this  effeft  to  the 
Water;  of  which,  according  to  him,  it  is  very 
diffitult  completely  to  deprive  it. 

SO.  ^inc  cannot  be  cbmhined  with  fulphur 
in  ^  direft  manner :  when  thofe  two  cottibufti- 
ble  fttbftanetes  are  heated  together  in  a  cruci- 
*blt,  <hfe 'fulphur  Separates  without  uniting  Avdth 
'tticzitfcf/  which  only  becomes  a  little  more  in- 
fttfible,  Mr.  Dehne  Has  obfervcd,  that  'w'hen 
thefe  two  fubftances  are  kept  togetfe^r^ln  the 
ftate  bf  ftifion  in  a  crucible,  ihie  zinc  becimies 
'OXWafrfd,  and  tlifen  uniles  with  the  fulphur, 
'afftitnittg  i  broVi^n  6r  ^rey  colour.-  'Ciiiifen 
"Guyton  has  difcovered,  fince  the  obiervatidti 
'df  Mr."  f>ehrie,  that  we  m^f  cdtfify  coHibirie 
^tb^tlieT  the  oxidt  of  zinc  and  fulphut  by 

fufion^ 
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fufion,  and  that  the  refiilt  of  this  proCefs  was 
fi  niipeml,  or  ja  fojit  .^f  grey  gir^,.  finiilar  to  the 
luJpliii^ret  <?f:,  ziiic.  q€  Hu^^lgo^t^.  from  which 
prifmatic  needles,  of  a,\brnrtant  yellow  colour 
were  fometimes  raifed  and  fuh'limed;upon  the 
ltd  of  .the  crucible.  Hence  Jie  concludes,  that 
blflnde;  !Cou:tains  the  ziftP  i®  the  ftate  of  oxide, 
but  that, it . differs vfi&m.  the  artificial : combi; 
natiori^ibeing^  formed  in  the  buraid  way,  as  ap- 
pearsfrom  the  water  which  it  contains,  whereas 
we :  are  not  yet  able  to  form  this  combination 
artificially  except  in  jthe  dry  way.  Malouin 
has  afcertained  that  the  liqui4  alkaline  fulphu- 
rets  do  not  diffolve  z\nc.  : 

31.  Zinc  combines  with  feveral  metallic  fub- 
ftances ;  it  refufes  to  enter  into  alloys  with  co- 
balt, bifmuth,  and  nickel;  when  thefe  metals 
are  fufed  together,  they  are  afterwards  foan^ 
feparated  according  to  the  order  of  their  fpe- 
cific  gravity.  Nothing  is  yet  known  con- 
cerning the  reciprocal  a^lion  of  tungften,  mo- 
Jybriena,  chromium,  titanium,  uraniuii>>  anji 
manganefe,  upon  zina  Its  combinations  with 
arfenicj  antimony,  and  mercury^  have  been 
examined.  ..*,., 

A>  Malouin  has  found  that  metallic  ai'fenic 
does  not  unite  fo  well  with  zinc  as  its  oxide 
or.  arfeniorus  acid.  However,  by  diftillinff  a 
mixture  of  this. acid,  tallow  and  zinc,  he  ob- 
^  tained  a  blackifh  mafs,  refembling  blende^  but 
more  tender.  It  appears,  that  when  the  arfenious 

acid 


acid  unites  with  it,  it  yields  its  oxigen  to  the 
zinc,  and  again  paffeii  into,  the  metalKc  ftate. 
However,  the  experiments  ofMalouin  on  this 
combination  ought  to  be  refumed. 

B.  Zinc  and  antimony  eafily  combine  and 
alloy  with  each  other  by  fufion ;  they  form  a 
hard  alloy,  with  fmall  faciets,  and  brittle, 
which  feems  to  refemble  fteel.  The  fulphuret 
of  antimony,  fufed  with  this  metal,  remains 
feparated  from  it. 

C.  Zinc  unites  with  mercury  even  by  tritu- 
ration^  According  to  Pott,  this  combination 
may  be  better  made  by  uniting  fufed  ainc  with 
hot  mercury ;  an  amalgam  is  formed  which 
eafily  becomes  fluid  by  trituration.  It  cryftal- 
liaccs  by  flow  refrigeration  into  fquare  laminae^ 
with  level  edges.  It  crackles  over  the  fire* 
Several  chemifl:s  aflure  us,  that  when  it  is  waihed 
in  hot  water,  the  zinc  feparates  from  it  in  th^ 
ftate  of  oxide*  Moreover,  it  is  thought,  that 
zinc  feparates  antimony  from  mercury;  and 
this  accords  with  the  (Jiffverence  of  the  degrees 
of  adherence  for  this'  liquid  metal  which  Citi- 
zen Guy  ton  has  pointed  out ;  for  antimony 
adheres  to  it  only  with  a  degree  of  force  rejwe- 
fented  by  126,  whilfl  that  of  zinc  i$  oxpreffod 
by  tbe  dumber  S04. 
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6*  Jffion  vpon  Water  and  the  Oxides. 

32.  Zinc  has  a  great  tendency  to  decompofe 
water,  in  confequence  of  its  great  attraftion 
for  oxlgen.  Accordingly,  .  this  metal  in  the 
(late  of  powder,  left  even  in  the  cold  in  conta6l 
with  water  in  the  upper  part  of  a  bell  glafs  full 
of  mercury,  produces  an  effervefcence,  forms  a 
grey  powder  of  oxide,  and  yields"  hidrogen  gas. 
This  aftion  increafes  to  fuch  a  degree,  and  be- 
comes fo  violent  in  high  temperatures,  that  the 
effervefcence  and  ebullition  produces  dangerous 
detonations,  as  Lavoifier  has  remarked*  We 
fhall  foon  fee  that  this  decompofition  takes  place 
in  many  other  experiments,  and  that  on  this 
account  zinc  is  frequently  employed  by  che- 
mifts  for  the  purpofe  of  obtaining  the  pureft 
hidrogen  gas  which  they  are  able  to  procure. 

It  is  very  remarkable  that  this  oxidability 
of  zinc  by  water  is  Angularly  augmented  when 
we  place  it  upon  another  metal  whilft  it  is 
plunged  in  this  liquid.  Thus  when  two  plates 
of  zinc  are  placed  in  two  glafs  veffels,  the  botk- 
tom  of  which  is  covered  with  a  fufficient  quan- 
tity, of  water  for  the  zinc  to  be  immerfed  in  it, 
and  when  the  condition  of  this  metal  is -varied 
in  fuch  a  mannei^  that  in  one  of  the  veffels 
it  is  alone  in  cont"a6i  with  the  water,  whilft 
in  the  other  veffel  it  refts  upon  a  plate  or  a 
piece  ,of  filver,  the  latter  plate  is  covered,  and 

as 
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as  it  were,  enveloped  with  flakes  of  white  ox- 
ide at  the  end  of  fome  hours  ;  whilft  the  plate 
of  zinc  that  has  }>een  left  alone,  is  either  not 
oxidated,  or  exhibits  only  a  flight  appearance 
of  oxidation^ 

33.  This  metal  afts  with  much  energy  upon 
mofi;  of  the  metallic  oxides,  from  which  it 
takes  away  in  a  red  heat  the  greater  part  of  their 
oxigen.  As  it  holds  the  fecond  rank  after 
manganefe,  in  the  order  of  the  attra6lions  for 
this  principle,  it  may  be  employed  to  decom- 
pofe  almofl:  all  the  oxides ;  and  as  it  is^  at 
the  fame  time  the  metal  which  abforbs  oxi- 
gen in  the  moft  folid  ftate,  it  frequently  in^ 
flames  at  the  moment  when  it  feizes  upon  this 
principle.  Thus  by  rapidly  heating,  in  a  glafs 
retort,  a  mixture  of  zinc  in  the  ftate  of  fine 
filings,  or  powder,  with  red  oxide  of  mercury, 
we  fee  at  the  moment  when  thefe  fubftances 
become  ignited  to  rednefs,  a  flame  or  fparks 
which  run  through  and  fill  the  apparatus,  and 
afterwards  find  tJie  mercury  reduced,  and  the 
zinc  in  the  ftate  of  oxide  lining  the  fides  of  the 
retort  throughout. 
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H*  A 3 ion  upon  the  Acids. 

34  There  is  no  metal  which  exCfts  a  more 
prompt  aftion  upon  the  acids,  which  decom- 
pofes  them,  or  the  water  which  accompanies 
them,  with  greater  aftivity,  and  which  is  dif 
Tolved  more  abundantly  in  thefe  bodies-  The 
fulphuric  acid,  diluted  with  water^  and  poured 
upon  zinc  in  filings  or  in  fragments,  appears  to 
attack  it  Avith  force ;  a  lively  efFervefcence  is 
produced  fuddenly  and  m  the  cold,  and  the 
jnixtui'e  becomes  much  heated.  A  large  quan- 
tity of  hidrogen  gas  is  difengaged,  which  holds 
in  folution  a  little  carbon,  but  which  however 
is  one  of  the  pureft  and  lighteft  which  the  che- 
mifts  are  able  to  obtain.  Accordingly,  it  is 
this  gas  which  they  employ  for  re-compofing 
water  in  their  exa6l  experiments  ;  and  rt  is  the 
fame  which,^  in  the  experiment  which  I  made 
in  1790  with  Citizens  Sequin  and  Vauquclin, 
aiforded  •  ns  vety  pure  water  free  from  acid. 
The  fmall  quantity  of  ,carban,  diiBTolved  in  the 
hidrogen  gas  thus  obtained,  proceeds  from  tlie 
fmall  portion  of  carburet  of  iron  contained  in 
the  2inc,  of  which  I  fliall  immediately  fpeak. 
It  cannot  be  doubted  that  the  water,  decom- 
pofed  by  this  metal,  which  has  great  avidity 
for  oxigen,  is  here  the  fource  of  the  gas,  fmce 
the  concentrated  fulphuric  Hcid  does  not  dif- 

folve 
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folve  zinc  except  with  the  afliftance  of  he^t,  and 
fince  when  decompofed  itfelf,  in  the  ftate  of  con-.* 
centration,  it  affords  fulphureous  acid  gas.  The 
water,  therefore,  in  this  cafe,  effects  the  oxi^ 
dation  of  the  metal,  and  the  oxide  becomes  dift 
folved  in  proportion  as  it  is  formed  in  the  ful-* 
phuric  acid,  which,  in  faft,  is  found  perfe6lly 
entire  after  the  (blution.  In  proportion  as  this 
folution  takes  place,  we  fee  a  fmall  quantity  of 
very  black  powder  in  a  ftate  of  extreme  divifion 
iBoating  in  the  liquid,  which  has  long  been  mif- 
takenby  chemifts,and  which  is  nothing  elfe  than 
carburet  of  iron  or^  plumbago,  exifting  origi- 
nally in  the  zinc,  from  which  it  feparate^  becauiie 
infoluble.  When  tl>e  extrication  of  hidrogeti 
gas  has  ceafed,  and  the  iblution  of  the  zinc  is 
completed,  the  liquid  has  a  lingular  fmeil,  analo- 
gous: to  that  of  rancid  fat ;  it  is  turbid  and  re- 
plete with  <  a  white  powder,  which  gradually 
difappears,  and  fuffers  the  folution  to  affume  a 
perfe6l  tranfparency  when  we  add  water  which 
diifolves  it.  By  evaporatiug  it  iu  a  proper  man^ 
ner,  and  leaving  it  to  cool,  we  obtain  the  cryf- 
tallized  fulpbate  of  zinc, 

35,  The  fulphate  of  zinc,  fufificiently  pure 
and  prepaied  in  this  naanner,  is  white  and  tranf^ 
pareijit.  It  c^yftalUzes  in  tetrahedral  prifms,  ter^ 
miujated  by  pyramids  with  four  faces  ;  the  faces 
of  thefe  prifms  are  fmooth,  and  have  fome  i^^ 
femblance  with  thofe  of  fulphate  of  magnfifia* 
Jhis  cryftaUization  is  uQt  ye^y  difficult,  and 
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i^hen  thejalt  is  pure,  it  always  fucceeds  well  by 
the  fcooling  of  its  folution  a  little  condenfed  by 
the  heat.  This  fait  has  a  pretty  ftrong  acrid, 
iiyptic,  and  metallic  tafte.  It  is  alfo  prepared 
by  diflblving  the  grey  or  white  oxide  of  zinc 
in  fulphuric  acid,  which,  however,  faturates 
itfelf  with  much  greater  difficulty  than  when 
the  metal  is  gradually  oxidated  by  means  of 
water.  When  fulphate  of  zinc  is  heated  in 
a  retort,  it  melts,  lofes  its  water  of  eryftalliza- 
tion,  gives  out  a  portion  of  its  acid  in  the  ftate 
of  fulphureous  acid  and  a  little  water;  it  dries 
and  becomes  in  part  decompofed  ;  fo  that  when 
we  afterwards  attempt  to  diffolve  it  again  in 
water,  a  portion  of  oxide  of  zinc  remains  info- 
luble.  Ej^pofed  to  the  air,  the  fulphate  of 
zinc  efflorefcesi  and  lofes  its  water  of  crvftalli- 
zation :  it  is  deeompofed  and  precipitated  in 
a  white  oxide  by  all  the  alkalis,  and  thefe  pre- 
cipitates, efpecially  thofe  that  have  been  made 
by  the  carbonates,  are  capable  of  affording 
Svhite  pigments  for  painting.  This  precipitated 
oxide  is  foluble  in  the  acids,  and  in  an  excefs 
of  the  precipitating  alkalis,  efpecially  of  am- 
monia. The  fulphate  of  zinc  is  alfo  decom- 
pofed with  the  aid  of  heat,  by  nitre,  which 
it  decompofes  at  the  fame  time :  from  this  de- 
compofition,  when  made  in  a  retort,  there  re- 
fults  nitric  acid,  in  part  nitrous,  and  fulphate 
or  pot-afh  mixed  with  oxide  of  zinc.  The 
alkaline  fulphurets  and    the"  hidro-fiilphurets 
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alfo  precipitate  the  fulphate  of  zinc  in  a  deep 
orange  or  brown  colour ;  fulphurated  and  hidro- 
fulphurated  oxide  of  zinc  are  then  depofited. 

36,    There    exifts  in    commerce,    under  the 
names  of  white  copperas^  white  vitriol^  Goflar 
mtrioly  a  fulphate  of  zinc  which  is  prepared  in 
the  large   way  at  Gq/lar.     It  is  in  the  form 
of   white   maffes   granulated   like  fugar,    and 
often  fpotted  with  yellow.     It  i*  prepared  by 
roafting  the  native  fulphurated  oxide  of  zinc 
or  blende ;  treating  this   roafted   ore,   already 
changed  into  fulphate  by  the  combuftiori  of  the 
fulphur  with  an  addition  of  water ;  decanting 
the  clear  liquor,  then  evaporating  it,  and  caufmg 
it  to  cryftallize  fuddenly  by  refrigeration,  and 
laftly,  by  fufing  the  fait  to  deprive  it  of  a  por- 
tion of  its  water  of  cryftallization,  and  obtain 
it  in  irregular,  folid,    and  granulated  mafics. 
This  fait  exhibits  all  the  properties  of  the  ful- 
phate of  zinc  which  has  juft  been  defcribed ; 
it  differs  from   it  only   in  being  impure  and 
containing  fulphate  of  iron  :  accordingly,  when 
we  diffolve  it  and  leave  the  folution  expofed  to 
the  atmofphere,  a  red  oxide  of  iron  is  feparated 
from  it,  and  the  cryftals  which  we  obtain  have 
frequently  a  rofe-colour ;  which   is  a  certain 
indication  of  the  prefence  of  the  latter  metal, 
which  is,  befides,  proved  to  exift  in  it  by  the 
violet  or  black  colour  that  the  folution  of  this 
impure  fait  affumes,  as  foon  as  we  add  to  it  a 
fmall  quantity  of  nut-gall.     It  is  alfo  thought 
that  this  fait  of  commerce  contains  a  fmall  pro- 
portion 
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portion  of  lead.  In  order  to  purify  it,  it  is 
jadvifable  to  put  pieces  of  zinc  into  its  folution, 
.  which  precipitate  the  foreign  fubftances.  It  is 
then  very  pure,  and  inay  be  ufed  for  the  fame 
purpofes  as  the  artificial  fiilphate  of  zinc,  pror 
vided  that  the  zinc  employed  in  the  prepar9.tioii 
of  this  latter  fait  be  perfedlly  free  from  iron, 
which  will  be  the  cafe  when  in  preparing  it, 
we  take  care  to  put  more  zinc  into  the  fulphuric 
acid  then  it  is  able  to  diflblve. 

37.  The  fulphureous  acid  quickly  attacks 
zinc  in  powder  or  in  filings;  a  great  produftion 
of  heat  takes  place ;  fulphurated  hidrogen  gas 
is  difengaged ;  the  liquor  firft  becomes  brown ; 
fometimes  it  becomes  turbid,  and  affumes  the 
yellow  colour  of  fulphur ;  towards  the  termina- 
tion of  the  aSion  it  becomes  clear.  This  folu- 
tion has  a  pungent,  aftringent,  and  fulphureous 
tafte.  The  fulphuric  and  muriatic  acids  dif- 
engage  fulphureous  gas  from  it  with  efter- 
vefcence,  and  precipitate  from  it  a  yellowifli 
white  powder.  The  nitric  acid  firft  feparates 
fulphureous  gas  from  it,  and  afterwards  a  flaky, 
dudile,  and  adhefive  precipitate.  The  precipi- 
tate is  real  fulphur.  When  expofed  to  the  air, 
the  fulphureous  folution  of  zinc  thickens  like 
liquid  honey,  affords  needles  or  fine  tetrahedral 
prifms  with  quadrangular  and  very  fliarp- 
pointed  pyramids,  which  become  white  in  the 
air,  and  form  a  white  powder  infoluble  in  water. 
Heated  before  the  blow-pipe,  this  fait  fw^ells, 
emits  a  lively  and  brilliant  light  like  that  of 
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Virniog  zinC;  and  rife$  in  the  form  of  the 
braache$  of  fhrubs  of  a  very  agreeable  appear* 
anc^,  or  in  tubercles  furmounted  by  a  multi-- 
tude  of  other  fmaller  tubercles  :  this  is  one  ot 
the  moft  fingular  and  moft  pleafing  fpe6tacle$ 
that  are  prefented  by  the  experiments  made  with 
the  blow-pipe.  It  is  partly  foluble  in  alchohol : 
the  part  which  has  not  been  diffolvec^^  yields 
ovly  fulphureous  acid  gas  by  the  fulphuric  acid, 
whijft  the  part  that  has  been  diflblved,  at  the 
fame  time  that  it  yields  the  fame_  gas  by  this 
acid,  preients  an  abundant  precipitate  of  ful-' 
phur.  Piftilled  in  a  retort,  the  fulphite  of 
;zinc  affords  water,  fulphureous  acid,  fulphuric 
acid,  fublimed  fulphur;  there  remains  fome 
oxide  of  zinc  mixed  with  a  fmall  quantity  of 
fulphate  of  this  metal.  The  yellow  powder, 
feparated  from  this  fait  by  the  acids,  burn^  with 
a  blue  flame  upon  ignited  coals;  it  is  diiToIved 
into  a  brown  fulphuret  by  the  liquid  alkalis. 
Thus  this  fait  is  a  fulphurated  fulphite  of  zinc ; 
in  its  folution  by  the  liquid  fulphureous  acid^ 
the  metal  has  decompofed  the  water,  and  a  por*- 
tion  of  the  fulphureous  acid  itfelf,  fmce  fulphu^ 
rated  hidrogen  gas  is  difengaged;  the  fulphur 
that  is  feparated  is  not  precipitated  during  th^ 
folution,  but  combines  with  the  fulphite  of 
zinc ;  this,  however,  is  not  faturated,  (ince  the 
alchohol,  whilft  it  diflblves  only  the^prntion  of 
fulphurated  fulphite  which  it  contains,  feparateisl  . 
fri^m  it  fulphite  of  zinc. 

38-  As 
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38.  As{  zincis  one  of  the  metals  which  prefenti 
with,  th^  greateft  energy,  the  very  remarkable 
properties  of  a  double  combination  with  the  ful- 
phureous  acid ;  and  as  thefe  combinations  have 
not  yet  been  properly  defcribed,  or  even  indi- 
cated by  chemifts,  I  Ihall  here  give  a  fomewhat 
circumftantial  account  of  a  fecond  fpecies  of 
fait  or  fulphite  of  zinc  that  is  not  fulphurated 
like  the  preceding.  It  is  the  refult  of  numerous 
experiments  which  I  have  made  in  conjun&ion 
with  Citizen  Vauquelin,  which  I  am  about  to 
offer,  as  it  throws  much  light  upon  compounds 
hitherto  unknown,  which,  it  is  neverthelefs, 
very  ufeful  to  the  progrefs  of  chemiftry  to 
diftinguifli.  I  have  already  indicated  their  bafes 
in  the  firft  article  of  this  feftion. 

When  the  white  oxide  of  zinc  is  mixed  with 
fulphureous  acid  highly  concentrated,  thefe 
two  bodies  combine  without  motion,  with  a 
produ6lion  of  heat,  and  a  dellru6lion  of  odour 
on  the  part  of  the  acid.  When  the  faturation  is 
complete,  white  imbricated  cryftals  are  formed 
upon  the  farface  of  the  liquor.  This  fait  or 
pure  fulphite  of  zinc,  compared  with  the  pre- 
ceding, or  the  fulphurated  fulphite  of  zinc, 
prefents  the  following  pro'perties  : 

a.  It  has  a  lefs  pungent,  but  more  ftyptic 
tafte  than  the  latter. 

b.  It  is  lefs  foluble  in  water,  and  cryftallizes 
more  eafily. 

e.  The 
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t.  The  acids  hitherto  known,  or  with  fimple 
radicals  decompofe  it  with  efFervefcence,  but 
they  do  not  fcparate  from  it  any  fulphur,  as 
from  the  fulphurated  fulphite. 

d^  It  is  infoiuble  in  alcohol,  whilft  the  pre- 
ceding is  entirely,  and  even  abundantly  folubie 
in  it 

e.  It  forms  white  precipitates  with  the  alkalis, 
whilft  the  fulphurated  fulphite  affords  yellowifli 
precipitates. 

f.  Expofed  to  the  air,  it  is  fpeedily  con- 
vejted  into  fulphate  of  zinc,  whilft  the  fulphu* 
rated  fulphite  may  be  expofed  to  the  air  for  a 
great  length  of  time  without  undergoing  any 
alteration. 

g.  The  precipitate  which  the  fulphite  of  zinc 
yields  by  the  alkalis  is  completely  folubie  in 
the  cold  in  fulphuric'acid ;  that  furniflied  by 
the  fulphurated  fulphite  is  only  partially  fo,  and 
leaves  pure  fulphiir  after  the  feparation  of  the 
oxide  of  zinc  by  this  acid. 

h.  All  the  properties  of  this  fulphite  of  zinc 
are  changed,  and  fulphurated  fulphite  is  formec^, 
when  inftead  of  diffolving  pure  oxide  of  zinc 
in  fulphureous  acid,  we  treat  a  mixture  of  ful- 
phur and  oxide  of  zinc  with  this  acid  in  the 
heat.  However,  it  is  lefs  fulphurated  by  this 
operation  than  that  which  is  prepared  with 
zinc  and  fulphureous  acid,  fmce  in  the  lattef 
cafe,  the  zinc,  whilft  it  decompofes  the  ful- 
phureous acid,  and  feparates  the  fulphur  from 

it 
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it,  unites  with  it  niore  intimately  aod  more 
abundantly,  on  account  of  its  great  ftate  (^f 
divifion. 

39.  The  concentrated  nitric  acid  is  capable 
of  inflaming  zinc:  in  order  to  effeft  its  folu- 
tion,  this  acid  muft  be  taken  in  its  weak  ftate, 
and  the  zinc  in  rather  coarfe  fragments.  A 
confiderable  heat  is  produced ;  the  efFervefcence 
which  accompanies  the  folution,  gives  rife  to  a 
difengagement  of  a  large  quantity  of  nitrous 
gas,  which  reddens  fuddenly  and  ftrongly  Math 
the  air  when  the  operation  is  performed  in  open 
veffels;  by  this  means  a  large  quantity  of  nitrous 
ga^  may  be  coUefted.  Thus  the  zinc  rapidly  de^ 
corapofes  the  acid  of  the  nitre,  and  take^  oxigen 
from  it,  Whw  this  metal  contains  iron,  this 
4s  feparated  at  the  fnrface  of  the  folution  in 
the  form  of  a  reddiih  oxide  ;  when  it  is  pure, 
it  leaves  only  a  fmaU  quantity  of  black  powder 
of  carburet  of  iron,  like  the  fulphuric  acid, 
The  oxide  of  zinc,  in  proportion  as  it  is  formed, 
diffolves  in  the  nitric  acid,  which  even  takes  up 
much  more  of  it  than  the  fulphuric  acid/  This 
folution  is  frequently  of  a  greenifh  yellow 
colour ;  it  is  very  cauftic,  though  made  with 
^n  acid  diluted  with  water.  By  evaporation 
and  refrigeration,  it  aifords  cryftals  in  tetrahe- 
dral  comprelfed  and  ftriated  prifms,  terminated 
by  pyramids  with  four  faces.  This  fait  melts 
»pon  the  coals,  and  becomes  fufed  with  crack- 
ling, in  the  part  which  is  deficcated.  Dur- 
ing 
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ing  its  detonation  it  emits  a  finall  reddifli  flame. 
When  fufed  in  a  crucible,  it  quickly  affords  an 
extrication  of  red  vapours;  it  aflumes  a  deep 
colour  and  a  gelatinous  confiftence.  Whea 
cooled  in  this  ftate,  it  retains  its  foftnefs  for 
fome  time.  By  continuing  to  heat  it,  it  be- 
comes dry,  affords  nitrous  and  oxigen  gas,  and 
leaves  a  yellowifli  oxide.  Hellot  had  infifted 
upon  the  nitrous  acid  extra^cd  from  this  fait, 
and  the  red  colour  which  it  affumes  during  its 
fufion.  The  nitrate  of  zinc  attrafts  the  hu- 
midity of  the  atmofphere,  and  lofes  its  form- 
It  is  perfectly  decornpofed  by  the  fulphuric  acid  ; 
the  alkalis  precipitate  from  it  a  white  oxide 
which  they  re-diflblve,  and  the  alkaline  car- 
bonates produce,  by  precipitation,  a  very 
white  carbonate  of  zinc.  The  nitrite  of  zinc 
is  not  known,  though  it  is  very  probable  that 
the  nitrate,  after  being  heated,  and  having 
atfumed  a  red  colour,  is  in  this  flate. 

40.  The  muriatic  acid  a6ls  upon  zinc  with 
much  rapidity  ;  it  difTolves  it,  producing  a  brifk 
cffervefcence  and  a  difengagemcnt  of  very  pure 
hidrogen  gas ;  it  therefore,  powerfully  promotes 
the  decompofition  of  water  by  this  metaL  In 
proportion  as  the  oxidated  afi>c  difTolves  in  the 
muriatic  acid,  a  black  powder  of  carburet  of 
iron  is  feparated.  The  muriatic  folutian  of 
zinc  is  white  and  colourlefs ;  it  affords  no 
cryflals^  how  far  foever  we  may  .carry  the  eva- 
poration ;  but  it  is  reduced  to  a  tranfparent  and 

foft 
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foft  mafs  like  a  jelly.  In  diftillation,  it  yields  ^ 
fmall  quantity  of  very  fuming  acid,  and  a  folid 
muriate  of  zinc  fufible  in  a  gentle  h^at,  which 
was  formerly  termed  butter  of  zinc*  This 
muriate  of  zinc,  when  fublimed  and  congealed, 
is  of  a  beautiful  white  colour,  confiding  of  fmall 
prifms  adhering  the  one  upon  the  other.  It  is 
decompofable  by  the  fulphuric  acid,  which  dif- 
engages  the  muriatic  acid  from  it  in  the  form 
of  vapour  or  gas.  The  alkaliii  precipitate  it  of 
a  white  colour;  water  does  not  precipitate  it; 
it  gradually  attra6b  the  moifture.of  the  atmof- 
phere,.  and  foon  forms  a  tranfparent  jelly.  It 
is  alfo  obtained  by  decompofing  the  fuper-oxige- 
na ted  muriate  of  mercury  by  means  of  zinc. 

41.  When  zinc  is  thrown  in  the  ftate  of  pow- 
der into  oxigenated  muriatic  acid  gas,  it  in- 
flames, and  forms  a  white  oxide  as  well  as  by  the 
nitric  acid.  It  is  afterwards  foluble  in  the  muri- 
atic acid,  and  forms  the  fame  fait  as  is  produced 
by  the  folution  of  zinc  in  this  acid  in  its  fimple 
ftate.  The  liquid  oxigenated  muriatic  acid  dif- 
folves  zinc  without  motion  and  without  efFerve- 
fcence;  for  this  metal  becomes  oxidated  by  quiet- 
ly taking  oxigen  from  it,  and  unites  in  proportion 
as  it  is  oxidated  with  the  difoxigeuated  muriatic 
acid.  This  folution  does  not  differ  from  that  of 
the  metal,  or  its  oxide  in  the  fimple  muriatic 
acid.  We  are  not  yet  acquainted  with  the 
fuper-oxigenated  muriate  of  zinc,  which  appears 
to  be  reproduced  when  we  treat  the  muriate  of 
zinc  with  the  oxigenated  muriatic  acid. 

42.  The 
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42.  The  phofphoric  acid  diluted  with  water 
attacks  zinc,  with  a  difengagement  of  hidro- 
gen  gas,  which  is  owing  to  the  decompofitioa 
of  the  water;  we  foon  fee  a  white  powder 
formed,  which  is  depofited,  and  is  the  phof- 
phate  of  zinc.  We  alfo  obtain  it  in  a  whit6 
precipitate,  owing  to  the  effe6l  of  a  necef- 
fary  double  attraction,  when  we  pour  into  a 
folution  of  fulphate,  of  nitrate,  or  of  muriate 
of  zinc,  that  of  the  phofphates  of  pot-afli,  of 
foda,  or  of  ammonia*  We  are  not  yet  ac- 
quainted with  the  charafteriftic  properties  of 
thephofphate  of  zinc.  This  metal,  when  heated 
ftrongly  with  the  vitreous  phofphoric  acidj 
reduces  a  portion  of  it  into  phofphorus,  with 
which  it  combines  into  phofphuret  of  zinc. 

43.  The  combinations  of  the  fluoric  and 
boracic  acids  with  zinc  have  not  yet  been 
examined.  The  firft  attacks  it  with  efferve- 
fcence  and  a  difengagement  of  hidrogen  gas. 
The  fecond  attacks  it  but  very  feebly  by  im- 
mediate contaft,  but  it  combines  with  its  oxide 
whcH  the  nitric  or  muriatic  folution  of  zinc 
is  poured  into  the  folutions  of  borate  of  pot-afh 
or  of  foda.  The  diftinguifliing  properties  of 
the  borate  of  ^inc  have  not  been  examined ; 
we  only  know  that  it  is  infoluble  in  water. 

44.  Zinc  tlirown  in  the  (late  of  a  fine  powder 
into   liquid    carbonic    acid,    is   oxidated  and 
diflblved  in  fufficient  abundance  after  remain- 
ing twenty  four  hours  in  this  acid,  for  a  pel- 
licle 
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licle  of  carbonate  of  zinc,  of  different  colours, 
to  be  formed  upon  the  fufface  of  the  folution 
expofed  to  the  air,  according  to  Bergman. 
This  is  undoubtedly  the  manner  in  which  na- 
ture prepares  the  carbonate  which  is  found  in 
the  feco^dary  ores  of  this  metal.  Nothing 
can  furnifli  a  better  proof,  than  this  folution 
of  zinc  in  water  charged  with  carbonic  acid, 
of  the  great  tendency  which  this  metal  has  to 
combine  with  oxigen,  and  the  property  which 
it  poffeffes  of  eafily  decompofing  water;  for 
though  no  effervefcence  is  here  obferved,  it 
cannot  be  doubted  that  hidrogell  gas  is  dif- 
cngaged,  as  may  be  perceived  from  the  fmell 
of  the  folution. 

45  #  The  arfenic,  tungftiCj  molybdic  atid 
ebromic  acids  are  fufceptible  of  combining 
with  the  ostide  of  zijic,  which,  in  the  metallic 
flate,  decompofes  them  and  robs  them  of  their 
oicigen«  Hitherto  the  arfeniate,  the  tungftate, 
the  molybdate,  and  the  chromate  of  zinc  have 
not  been  obtained  uidefs  by  double  attradlions, 
by  precipitating  the  nitrate  of  zinc  by  the  com- 
binations of  thefe  acids  with  alkaUs.  Thefe 
lalts  are  depofited  in  the  form  of  powder,  becaufe 
they  are  infoluble  in  water ;  the  three  firft  are 
white,  and  the  chromate  of  zinc  is  of  an 
orange^red  colour.  Thefe  compounds  are  de- 
hroyed  by  the  preceding  acids  in  the  infulated 
fiate. 
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I,  ABion  upon  the  Ba/es  and  the  Salts, 

46.  Amongst  the  falifiable  bafes  we  are 
yet  acquainted  only  with  the  action  of  the 
alkalis  upon  zinc.  When  we  plunge  it  into 
folutions  of  pot-afli,  or  of  foda,  it  becomes 
tarniflied ;  its  colour  blackens ;  and  even  when 
thefe  liquors  are  boiled  a  fmall  quantity  of 
bidrogen  gas  is  difengaged;  the  alkalis  them 
aflume  a  dirty  yellow  colour,  and  a  white 
oxide  of  zinc  may  be  precipitated  from  them 
by  means  of  the  acids. 

Ammonia,  according  to  the  experiments  of 
Laffone,  ads  ftill  more  powerfully  upon  this 
metal  in  the  cold  j  more  hidrogen  gas  is  ex- 
tricated; the  oxide  thus  formed  is  diflblved 
more  al)undantly  in  the  liquor,  and  after 
fome  time,  a  large  quantity  of  this  white  oxide 
js  feen  at  the  bottom  of  the  volatile  alkali. 
Thefe  alkaline  folutions  become  turbid  by 
^xpofure  to  the  air,  the  pxigen  and  carbo- 
nic acid  of  which,  ailing  at  the  fame  time, 
precipitate  the  oxide.  This  is  another  proof 
of  the  ftrong  attraftion  of  zinc  for  oxigen^ 
and  of  the  facility  with  which  }t  efFeds  the 
decompofition  of  water,  aififted  only  in  thi? 
cafe  by  the  aftion  of  the  alkalis, 

47.  Zinc  decompofes  the  alkdineand  earthy 
fulphates  by  the  aid  of  beat  It  feizes  the 
pxigen  of  the  fulphuric  acid,  and  reduces  it 
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to  the  ftate  of  fulphuF  which  combines  with 
the  bafes  of  the  fulphates.  Thefe  fulphurets, 
when  once  formed,  combinp,  though  not  w^ith- 
out  difficulty,  with  the  oxide  of  zinc  ;  and 
when  this  fufed  mafs  is  lixiviated,  the  water 
diflblves  the  firlphurets,  which  hold  only  a  very 
jmail  quantity  of  oxide  of  zinc  in  folution. 
The  greater  part  of  the  oxide  remains  pure 
igmd  infulated  after  this  aftion  of  the  water. 
Pott  has  obferycd,  that  zinc  decompofes  alum 
by  ebullition :  in  this  cafe  a  triple  fulphate  of 
jsinc  and  alumine  is  formed, 

48.  The  nitrates  bum  zinc  briikly  with  the 
aid  of  a  red  heat ;  their  acid  is  decompofed ; 
the  oxigen  feizes  the,  metal  with  which  it  unites 
in  a  more  folid  ftate  and  more  intimately  than 
' ,  was  the  cafe  in  the  nitric  combination ;  hence 
the  aftivity  and  the  luftre  of  the  detonation 
^nd  flame  which  accompany  this  rapid  cpm- 
buftion.  The  azote  is  difcngaged  in  the  form 
pf  gas,  and  the  refult  of  this  operation  is  an 
oxide  of  zinc  at  the  maximum  of  oxidation, 
combined  in  part  with  the  bafe  of  the  jiitrate 
which  has  been  employed.  Moft  commonly 
the  nitrate  of  pot-afh  is  ufed  for  this  combuf- 
tion ;  three  parts  of  it,  well  dried  are  mixed 
with  one  part  of  zinc  in  fine  filings,  or  even 
in  powder  paffed  through  the  fieye ;  this  mix- 
ture is  thrown  into  a  crucible  heated  to  red- 
nefs :  the  radiance  of  the  inflammation  which 
Immediately  takes  place  is  fuch,  that  it  throws 

out 
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out  to  a  great  diftance  from  the  veffel  por- 
tions of  burning  matter,  with  flaflies,  and  a 
very  brilliant  light;  it  is  therefore  neceflary  to 
operate  with  caution.  The  oxide  of  zinc, 
which  is  the  product  of  the  operation,  is  found 
united  with  the  pot-afh;  and  when  we  lixivi- 
ate this  refidue,  the  water  diffolves  a  portion 
of  it  with  the  alkali ;  fo  that  we  may  afcer- 
tain  its  prefence  by  pouring  an  acid  into  this 
lixivium.  Hellot  afferts  that  this  liquor  was 
confidered  and  prefcribed  by  one  Refpour,  a 
fkilful  alchemift,  as  a  fpecies  of  alcaheft,  or 
univerfal  folvent  of  metals.  The  beauty  of  the 
flame  of  the  fpeftacle  afforded  by  this  rapid 
combuftion  of  zinc  by  the  nitrate  of  pot  a(h, 
has  rendered  it  one  of  the  fubftances  em- 
ployed by  artificers  in  the  conftru6lion  of  fire- 
balls which  flv  into  the  air,  and  throw  out 
thofe  white  flames,  thofe  brilliant  ftars,  whofe 
beautiful  light  illuminates  fo  large  a  fpace  iu 
the  firmament. 

49*  Though  the  aftion  of  zinc  upon  the 
muriates  is  more  feeble  than  its  ad;ion  upon 
the  preceding  falts,  it  is  far  from  being  in- 
confiderable.  Pott  has  defcribed  fome  experi- 
ments which  feem  to  prove  that  this  metal  ia^ 
capable  of  decompofing  the  muriate  of  foda. 
Macquer  obferved  that  when  triturated  with 
the  ammoniacal  muriate,  it  difengaged  the  am- 
monia from  it,  even  in  the  cold.  Bucquet  has 
obferved,  that  by  diftilling  this  fait  with  zinc, 
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ammoniacal  gas  and  hidrogen  gas  were  ob^ 
tained.  The  latter  prod  uft. can  only  be  owing 
to  the  decompofition  6f  the  water  contained  in 
tiie  fait,  by  the  zinc,  which  aflFe6t^  it  before  it 
combines  with  the  muriatic  acid.  The  refidue 
of  this  operation  is  muriate  of  zinc,  which  may 
be  fublimed  by  a  ftronger  heat.  According  to 
Heilot,  the  oxide  of  zinc  produces  the  fame 
feparation  of  the  principles  of  the  muriate  of 
ammonia.  - 

50.  The  phofphates  and  the  borates  melt  with 
'xinc,  and  combine  by  fufion  with  its  oxide, 
which  gives  to  their  glafs  a  greenifli  yellow 
tjnge.  No  decompofition  of  thefe  falts  is  ef- 
fefted  by  the  metal.  Whatever  attra6lion  it 
has  for  oxigen,  it  cannot  aft,  no  more  than 
charcoal  can,  upon  the  phofphoric  acid  com- 
bined with  the  earthy  and  alkaline  bafes,  which, 
as  we  have  feen  in  the  preceding  feftion,  is 
powerfully  fixed  by  thefe  bafes, 

51.  Zinc  decompofes  moft  of  the  falts  atfd 
metallic  folutions  by  its  ftrong  attradion  for 
oxigen ;  it  precipitate^  from  them  the  metals 
in  the  metallic  form  by  completely  unbuming 
them,  or  in  that  of  oxides  kfs  oxidated  than 
they  were  before.  It  is  very  ufeful  in  the 
analyfes  of  ores  on  account  of  this  property. 
Its  oxide  has  alfo  more  iattraftion  for  the  acid^ 
than  moft  of  the  others. 
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52.  Zinc  is  applied  to  ufes  no  lefs  numerous 
than  important  in  a  great  number  of  the  arts. 
It  forms  a  part  of  many  confiderably  hard  and 
white  alloys.  It  is  particularly  employed  in  the 
fabrication  of  tombacs  and  braifesjof  which  we 
fliall  fpeak  ejfe where.  iThe  eaftern  nations,  and 
efpecially  the  Chinefe  make  ufe  of  it,  as  has  al- 
ready been  obferved,  much  more  frequently  tliati 
the  Europeans;  undoubtedly,  becaufe  they  poflfeft 
it  in  greater  abundance  than  we  do,  and  per- 
haps, becaufe  they  are  better  acquainted  with 
its  ufeful  properties.  It  has  been  propofed  for 
lining  copper:  concerning  this  application 
Ave  fliall  have  occafion  to  fpeak  in  the  hiftory  of 
the  latter  metal  Malouin,  in  his  Memoirs  in- 
ferted  amongft  thofe  of  the  Academy  for  1743 
and  174:4,  hf^s  compared  zinc  with  tin  with  re- 
lation to  its  economical  properties,  and  has  fre- 
quently given  it  the  preference, 

53.  Zinc  and  its  chemical  preparations  have 
already  been  applied  to  medicinal  purpofes, 
Its  property  of  conducing  fo  great  a  degree  of 
animal  eleftricity,  may  hereafter  render  it  much 
more  valuable  to  the  healing  art.  Formerly, 
the  fulphate  of  zinc  was  employed  as  an 
emetic,  under  the  name  of  gilla  vitrolL  The 
oxide  of  zinc  prepared  in  the  pharmaceutical 
laboratories,  is  prefcribed  as  an  antifpafmodic, 

in 
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in  dofes  from  half  a  decigramme,  one  gtain,  to 
that  of  feveral  decigrammes  at  moft.  It  has 
been  much  extolled  in  the  convulfive  difeafes 
of  children,  and  was  at  firft  adminiftered  as  an 
arcanum,  under  the  nam?  of  fixed  luna,  by  ope 
Ludemann,  in  Holland.  Gaubius,  who  exa- 
mined this  remedy,  found  it  to  be  nothing  more 
than  oxide  of  zinc,  which  was  then  termed 
Jiowers  of  zinc  This  oxide,  and  efpecially 
tutty  and  fulphate  of  zinc  are  employed  as  very 
g^ood    external  remedies    in    difeafes    of  the 
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